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GENERATION OF XENOGENEIC ANTIBODIES 



CROSS-REFERENCE TO RELATED APPLICATIONS 

10 This' application is a continuation-in-part of 

Application Serial No* 07/919,297 filed July 24, 1992 
which was a continuation-in-part of Application Serial 
No. 07/610,515 filed November 8, 1990 which was a 
continuation-in-part of Application Serial No. 07/466, 008 

15 filed January 12, 1990, the entire disclosures of which 

are all incorporated herein by reference. 



INTRODUCTION 

Technical Field 

20 The field of this invention is the production of 

xenogeneic specific binding proteins in a viable mcunmalian 
host. 



Background 

25 The ability to produce transgenic animals has been 

revolutionized with the advent of the ability to culture 
murine embryonic stem cells, and to introduce genetic 
modifications in these cells for subsequent transmission 
to the mouse germline. Thus one has the opportunity to 

30 modify endogenous genes to produce animal strains capable 

of producing novel products by introduction of foreign 
genes into the host, particularly human genes to produce 
xenogeneic binding proteins. The expression of such genes 
in vivo in an animal model may provide for investigation 

35 of the function of the gene, the regulation of gene 

expression, its processing, response to various agents 
and the like. In addition, animals with new phenotypes, 
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including those that mimic a variety of diseases, may be 
produced. For example, there is interest in 

introducing a dominant mutation or complementing a 
recessive mutation. Depending on the particular gene, the 
5 difficulty of achieving the desired mutation will vary 

greatly. While some gene targets have proven to be 
relatively amenable to modification, other targets have 
proven to be extremely resistant to modification. 

Because of the opportunity for generating transgenic 

10 animals, there is substantial interest in providing new 

procedures that increase the success of production of 
transgenic animals. Particularly, where one wishes to 
introduce large DNA fragments, encompassing hundreds of 
kilobases, there is substantial concern about the ability 

15 to introduce the large fragments in intact form into 

mammalian cells, the efficiency of integration, the 
functional capability of the gene(s) present on the 
fragment and transmission in the germline to the progeny. 
In addition, such procedures for introduction of large 

20 DNA fragments provide for determination of the function 

of large DNA fragments identified in the ongoing human 
genome project. 

In particular, there is interest in producing 
xenogeneic specific binding proteins, for example human 

25 monoclonal antibodies, in small laboratory animals such 

as mice. Monoclonal antibodies find use in both diagnosis 
and therapy. Because of their ability to bind to a 
specific epitope, they can be uniquely used to identify 
molecules carrying that epitope or may be directed, by 

30 themselves or in conjunction with another moiety, to a 

specific site for diagnosis or therapy. 

Monoclonal antibodies comprise heavy and light chains 
which join together to define a binding region for the 
epitope. Each of the chains is comprised of a variable 

35 region and a constant region. The constant region amino 

acid sequence is specific for a particular isotype of the 
antibody, as well as the host which produces the antibody. 
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Because of the relationship between the sequence of 
the constant region and the species from which the 
antibody is produced, the introduction of a xenogeneic 
antibody into the vascular system of the host can produce 
5 an immune response. Where the xenogeneic antibody is 

introduced repetitively, in the case of chronic diseases, 
it becomes impractical to administer the antibody, since 
it will be rapidly destroyed and may have an adverse 
effect • There have been, therefore, many efforts to 

10 provide a source of syngeneic or allogeneic antibodies. 

One technique has involved the use of recombinant DNA 
technology where the genes for the heavy and light chains 
from a host were identified and the regions encoding the 
constant region isolated. These regions were then joined 

15 to the variable region encoding portion of other 

immunoglobulin genes from another species directed to a 
specific epitope. 

While the resulting chimeric partly xenogeneic 
antibody is substantially more useful than using a fully 

20 xenogeneic antibody, it still has a number of 

disadvantages. The identification, isolation and joining 
of the variable and constant regions requires substantial 
work. In addition, the joining of a constant region from 
one species to a variable region from another species may 

25 change the specificity and affinity of the variable 

regions, so as to lose the desired properties of the 
variable region. Also, there are framework and 
hypeJTvariable sequences specific for a species in the 
variable region. These framework and hypervariable 

30 sequences may result in undesirable antigenic responses. 

It would therefore be more desirable to produce 
allogeneic antibodies for administration to a host by 
immunizing the host with an immunogen of interest. For 
primates, particularly humans, this approach is not 

35 practical. The hvunan antibodies which have been produced 

have been based on the adventitious presence of an 
available spleen, from a host which had been previously 
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immunized to the epitope of interest. While human 
peripheral blood lymphocytes may be employed for the 
production of monoclonal antibodies, these have not been 
particularly successful in fusions and have usually led 
5 only to IgM. Moreover, it is particularly difficult to 

generate a human antibody response against a human 
protein, a desired target in many therapeutic and 
diagnostic applications. There is, therefore, substantial 
interest in finding alternative routes to the production 
10 of allogeneic antibodies for humans. 

Relevant Literature 

Thomas and Capecchi (1987), Cell . 51:503-512 and 
Roller and Smithies (1989), Proc. Natl. Acad. Sci. USA , 
86:8932-8935 describe inactivating the /S2 -microglobulin 

15 locus by homologous recombination in embryonic stem cells. 

Herman et (1988) , EMBO J . 7:727-738 describe the hioman 

Ig VH locus. Burke, et al. (1987), Science. 236:806-812 
describe yeast artificial chromosome vectors. See also, 
Garza et al. (1989), Science . 246 :641-646 and Brownstein 

20 et al. (1989), Science, 244:1348-1351. Sakano, et al., 

describe a diversity segment of the immunoglobulin heavy 
chain genes in Sakano et al. (1981), Nature . 290 :562-565. 
Tucker et al. (1981), Proc. Natl, Acad. Sci. USA . 78:7684- 
7688 describe the mouse IgA heavy chain gene sequence. 

25 Blankenstein and Kruwinkel (1987) , Eur. J. Immunol. . 

17:1351-1357 describe the mouse variable heavy chain 
region. See also, Joyner et al. (1989), Nature, 338 :153- 
155, Traver et al. (1989) Proc. Nat. Acad. Sci. USA 
86:5898-5902, Pachnis et al. (1990), Proc. Nat. Acad. Sci. 

30 USA . 87:5109-5113 and PCT application PCT/US91/00245 . 

Bruggemann et al., Proc. Nat. Acad. Sci, USA : 96:6709-6713 
(1989); Behrinq Inst. Mitt, 87:21-24 (1990); Eur. J. 
Immunol . 21:1323-1326 (1991), describe monoclonal 
antibodies with human heavy chains. Albertsen et al , , 

35 Proc. Nat. Acad. Sci. USA 87:4256-4260 (1990), describe 

the construction of a library of yeast artificial 
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chromosomes containing human DNA fragments. Yeast 
artificial chromosome vectors are described by Burke et 
al.. Science 236:806-812 (1987). Pavan et al., Mol , and 
Cell . Biol . 10(8) :4163-4169 (1990) describe the 
5 introduction of a neoir^cin resistamce cassette into the 

human-derived insert of a yeast artificial chromosomes 
using homologous recombination and transfer into an 
embryonal carcinoma cell line using polyethylene glycol - 
mediated spheroplast fusion. Pachnis et al., Proc . Nat . 

10 Acad. Sci, USA 87:5109-5113 (1990), and Gnirke et al . , 

EMBO Journal 10(7) :1629-1634 (1991), describe the transfer 
of a yeast artificial chromosome carrying htiman DNA into 
mammalian cells. Eliceiri et al., Pro c . Na t . Acad . USA 
88:2179-2183 (1991), describe the expression in mouse 

15 cells of yeast artificial chromosomes containing human 

genes. Huxley et al., Genomics 2.:742-750 (1991) describe 
the esqpression in mouse cells of yeast artificial 
chromosomes containing the human HPRT gene. Mortensen 
et al-, Mol. and Cell. Biol . 12 (5) :2391-2395 (1992) 

20 describe the use of high concentrations of G418 to grow 

heterozygous embryonic stem cells for selection of 
homozygous mutationally altered cells. Yeast protoplast 
fusion with mouse fibroblasts is described by Traver et 
al., Proc . Nat . Acad . Sci . USA 86 = 5898-5902 (1989) and 

25 Pachnis et al., Proc. Nat. Acad. Sci. USA 87:5109-5113 

(1990). Davies et al., Nucl. Acids Res . 20:2693-2698 
(1992) describe targeted alterations in YACs. Zachau, 
Biol. Chem. 371 :1-6 (1990) describes the humcin 
immunoglobulin light (kappa) (IgK) locus; Matsuda et al., 

30 Nature Genetics 3:88-94 (1993) and Shin et al., EMBO 

10:3641-3645 (1991) describe the cloning of the human 
immunoglobulin heavy (IgH) locus in YACs. 
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SUMMARY OF THE INVENTION 



Xenogeneic specific binding proteins are produced 
in a non-h\man viable host by immunization of the host 
5 with an appropriate immunogen. 

A preferred non-human host is characterized by: (1) 
being incapable of producing endogenous immunoglobulin 
heavy chain; (2) being substantially incapable of 
producing endogenous immunoglobulin light chains; and (3) 

10 capable of producing xenogeneic immunoglobulin light and 

heavy chains to produce a xenogeneic immunoglobulin or 
immunoglobulin analog. Thus, the host may have an entire 
endogenous immunoglobulin locus substituted by a portion 
of, or an entire, xenogeneic immunoglobulin locus, or may 

15 have a xenogeneic immunoglobulin locus inserted into a 

chromosome of the host cell and an inactivated endogenous 
immunoglobulin region. These various alternatives will 
be achieved, at least in part, by employing homologous 
recombination for inactivation or replacement at the 

20 ixomunoglobulin loci for the heavy and light chains. 

Additionally, novel methods are provided for 
introducing large segments of xenogeneic DNA of at least 
100 kb, particularly human DNA, into host animals, 
particularly mice, by introducing a yeast artificial 

25 chromosome (YAC) containing a xenogeneic DNA segment of 

at least 100 kb, into an embryonic stem cell for 
integration into the genome of the stem cell, selection 
of stem cells comprising the integrated YAC by means of 
a marker present in the YAC, introduction of the YAC- 

30 containing ES cells into embryos and generation of 

chimeric mice from the embryos. The chimeric animals may 
be mated to provide animals that are heterozygous for the 
YAC. The heterozygous animals may be mated to generate 
progeny homozygous for the integrated YAC. 

35 
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DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram of the inactivation vector for 
the mouse heavy chain J region, as described in Example I, 
■ infra . 

5 Figure 2 is a diagram of the DNA restriction map for 

the plasmid pmH6J and the targeted mouse heavy chain J 
genes, as described in Example II, infra. 

Figure 3 is a flow cytometry plot of antibody 
staining for IgM allotypes in mouse strains, as described 
10 in Example II, infra. 

Figure 4 is a flow cytometry histogram of antibody 
staining for IgM allotypes in mouse strains, as described 
in Exaitple II, infra . 

Figure 5 is a diagram of the inactivation vector for 
15 the mouse immunoglobulin kappa constant region genes, as 

described in Example III, infra. 

Figure 6 is a diagram of the derivation of the 
plasmid pK.TK/Neo, as described in Example III, infra. 

Figure 7 is a diagram of the restriction map of the 
20 light chain targeted locus, as described in Example III, 

infra . 

Figure 8 is a diagram of the targeting vector for 
inactivation of the kappa light chain J and constant 
regions and design of the targeting experiment as 
25 described in Example IV, infra. 

Figure 9 is a diagram of the construction of vectors 
for inactivating the kappa light chain J and constant 
regions as described in Example IV, infra. 
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Figure 10 is a diagram of the final deletion vectors 
for inactivation of the kappa light chain J and constant 
regions as described in Example IV, infra . 

Figure 11 is an illustration of the Southern analysis 
5 of light chain J and constant region deleted cells as 

described in Example IV, infra . 

Figure 12 A-E are photographs of the results of 
Southern blot analysis to characterize yHPRT and yeast 
genomic DNA integrated in ES clones as described in 
Example VI, infra (A = human repetitive Alu sequence; B,C 
= pBR322 -specific sequences for the right (B) and left 
(C) YAC arms;. D = yeast Ty repetitive sequence; E = yeast 
single copy gene LYS2 . Shorter exposure times (12 hrs for 
II as coir5)ared to 48 hrs for I) of yHPRT probed with Alu 
and Ty sequences also are also shown. Positions of 
molecular weight markers are indicated. Schemes of right 
(a) and left (b) vector arms and the locations of pBR322- 
derived YAC vector fragments are shown { = telomere; 

= yeast -derived sequences; 0 = yeast centromere; = 
pBR3 22 -derived sequences; = human insert; = EcoRI 
cloning site; H = Hindlll sites) . 

Figure 13 A-D are photomicrographs of the results 
of in situ hybridization to detect integration of yHPRT 
and yeast genomic sequences in ES cell chromosomes as 
25 described in Example VT, infra (A, B =metaphase spreads 

from ESY 8-7 cells hybridized to biotinylated human 
genomic sequences and C = metaphase spreads or D = 
interphase nuclei from ESY 8-6 cells hybridized to 
biotinylated yeast repeated DNA sequences) . 
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Figure 14 A, B, C demonstrates the stable retention 
of yHPRT during in vitro ES cell differentiation and 
transmission through the mouse germline, as described in 
Kxairtple VI, infra (A: a, b = embryoid bodies; and 
5 differentiated cell types :c = blood islands; d=contracting 

muscle; e= neuronal cells; f = neural tubules formed by 
ESY clones; B: Southern blot analysis of DNA extracted 
from differentiated ESY 5-2, 3-6, 8-5 and 8-6 (20 /zg) and 
yHPRT in 7^1380 (40 ng) using a = human Alu probe; b = 
10 yeast Ty sequences; C: Southern blot analysis of tail DNA 

(20 fig) from 2 agouti offspring (4-2 and 4-3) derived 
from ESY chimeric male 394/95-2 using a = human Alu and 
b = Ty sequences; shorter exposures (12 hr) of 8-6 and 
yHPRT probed with Ty are shovm (II) . 

15 Figure 15 A and B are a photograph of an 

electrophoresis gel showing the expression of the human 
HPRT gene in various mouse tissues, as described in 
Example VI, infra (15 A = detection of human HPRT mRNA 
using reverse transcription- PCR in ES, ESY 3-1 and Hut 

20 78 cells, spleen and liver from control mice or ESY 4-3 

agouti offspring; 15 B = detection of mouse 7- interferon 
receptor mRNA by RT-PCR in samples from 15 A; M = size 
marker) , 

Figure 16 is a diagram of the human immunoglobulin 
25 heavy chain locus, and a human heavy chain replacement 

YAC vector, as described in Example VII, infra . 

Figure 17 is a diagram of a mouse breeding scheme, 
as described in Example VIII, infra. 

Figure 18 depicts the genotypes of some of the host 
30 animals produced by the methods of the invention. 
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DESCRIPTION OF SPECIFIC EMBODIMENTS 

Novel transgenic non-human hosts, particularly 
mammalian hosts, usually murine, are provided, where the 
5 host is capable of mounting an immune response to an 

immunogen, where the response produces antibodies having 
xenogeneic, particularly primate, and more particularly 
human, constant and/or variable regions or such other 
effector peptide sequences of interest. By "transgenic" 

10 is meant an animal that contains a genetically engineered 

modification, particularly, as to this invention, the 
introduction of a human immunoglobulin gene, in all of 
its cells. The hosts are characterized by being capable 
of producing xenogeneic immunoglobulins or analogs thereof 

15 as a result of inactivation of the endogenous 

immunoglobulin subunit encoding loci and introduction of 
xenogeneic DNA, for example DNA encoding human 
immunoglobulin. The modifications may retain at least a 
portion of the xenogeneic constant regions which provide 

20 for assembly of the variable region binding site bonded 

at the C-terminus to a functional peptide • The functional 
peptide may take many forms or conformations and may serve 
as an enzyme, growth factor, binding protein, ligand, 
cytokine, effector protein, chelating proteins , etc. The 

25 antibodies may be of any isotype, e.g., IgA, D, E, G or 

M or subtypes within the isotype. 

In a first strategy, as individual steps, the 
xenogeneic, e.g. human, heavy and light chain 
immunoglobulin genes are introduced into the host germ 

30 line (e.g. sperm or oocytes) and in separate steps the 

corresponding host genes are rendered non-functional by 
inactivation using homologous recombination. Human heavy 
and light chain immunoglobulin genes are reconstructed 
in an appropriate eukaryotic or prokaryotic microorganism 

35 and the resulting DNA fragments can be introduced into 

the appropriate host, for example into the pronuclei of 
fertilized mouse oocytes or embryonic stem cells. 
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Inactivation of the endogenous host immunoglobulin loci 
is achieved by targeted disruption of the appropriate loci 
by homologous recombination in the host cells, 
particularly embryonic stem cells or pronuclei of 
5 fertilized mouse oocytes. The targeted disruption can 

involve introduction of a lesion or deletion in the target 
locus, or deletion within the target locus accompanied 
by insertion into the locus, for example, insertion of 
a selectable marker. In the case of embryonic stem 

10 cells, chimeric animals are generated which are derived 

in part from the modified embryonic stem cells and are 
capable of transmitting the genetic modifications through 
the germ line. The mating of hosts with introduced human 
immunoglobulin loci to strains with inactivated endogenous 

15 loci will yield animals whose antibody production is 

purely xenogeneic, e.g. human. 

In a second, alternative strategy, at least portions 
of the human, heavy and light chain immunoglobulin loci 
are used to directly replace the corresponding endogenous 

20 immunoglobulin loci by homologous recombination in 

embryonic stem cells. This results in simultaneous 
inactivation and replacement of the endogenous 
immunoglobulin. This is followed by the generation of 
chimeric animals in which the embryonic stem cell-derived 

25 cells can contribute to the germ line. 

These strategies are based on the known organization 
of the immunoglobulin chain loci in a number of animals, 
since the organization, relative location of exons 
encoding individual domains, and location of splice sites 

30 and transcriptional elements is understood to varying 

degrees. In the human, the immunoglobulin heavy chain 
(IgHbu) locus is located on chromosome 14. In the 5' - 
3' direction of transcription, the locus comprises a large 
cluster of variable region genes (V„) , the diversity (D) 

35 region genes, followed by the joining (J„) region genes 

and the constant (Ch) gene cluster. The size of the locus 
is estimated to be about from 1,500 to about 2,500 
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kilobases (kb) . During B-cell development, discontinuous 
gene segments from the germ line IgH locus are juxtaposed 
by means of a physical rearrangement of the DNA. In order 
for a functional heavy chain Ig polypeptide to be 
5 produced, three discontinuous DNA segments, from the V^, 

D, and Jh regions must be joined in a specific sequential 
fashion; first D to J„then V„ to DJ^, generating the 
functional unit VhDJ„. Once a V„DJ„ has been formed, 
specific heavy chains are produced following transcription 

10 of the Ig locus, utilizing as a template the specific 

V„DJhC„ unit comprising exons and introns* 

There are two loci for immunoglobulin light chains 
(IgL) , the kappa locus on human chromosome 2 and the 
lambda locus on human chromosome 22. The organization 

15 of the IgL loci is similar to that of the IgH locus, 

except that the D region is not present. Following IgH 
rearrangement, rearrangement of a light chain locus is 
similarly accomplished by Vl to Jl joining of the kappa 
or lambda chain. The sizes of the lambda and kappa loci 

20 are each approximately 1000 kb to 2000 kb. Expression 

of rearranged IgH and an Igx or IgX light chain in a 
particular B-cell allows for the generation of antibody 
molecules. 

In order to isolate, clone and transfer the IgH^u 
25 locus, a yeast artificial chromosome or "YAC" may be 

employed. A YAC carrying the xenogeneic DNA may be 
introduced into ES cells or oocytes by a variety of 
methods, including yeast spheroplast: ES cell fusion, 
microinjection and lipofection. The YAC will integrate 
30 randomly (i.e. non-homologous ly) into the host genome. 

If yeast spheroplast :ES cell fusion is employed to 
introduce a YAC carrying xenogeneic DNA into ES host 
cells, then two or more YACs in a single yeast host cell 
may be introduced simultaneously into the same host ES 
35 cell. The advantage of this approach is that multiple YACs 

each containing xenogeneic DNA, for example human heavy 
and light chain immunoglobulin loci, can be introduced 
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into a single chromosome in a host cell. This eliminates 
the need for breeding of animals containing individual 
human Ig genes in order to generate a host capable of 
producing fully human immunoglobulins. For example, a 
5 strain of yeast containing a single YAC is targeted with 

a vector such as pLUTO (described infra) to introduce a 
mammalian selectable marker such as HPRT, and a yeast 
selectable marker such as LYS2 into an cirm of the YAC. 
Chromosomal DNA from the targeted strain is then used to 

10 transform a second, usually haploid, l ys2 mutant yeast 

strain containing a second, different YAC. Lys+ colonies 
are then analyzed by pulsed-field gel electrophoresis 
(PFGE) to identify clones harboring the two YACs and to 
confirm that they are unaltered in size. Additional YACs 

15 with different selectable markers, for example ADE2 (if 

the host is an ade2 mutant) , can subsequently be added 
by transformation. Alternatively, a YAC-containing strain 
of yeast is targeted with a vector such as pLUTO to 
introduce a mammalian selectable marker (e.g. HPRT) , as 

20 above, and then mated to a second YAC-containing strain 

of opposite mating type. The presence of the two YACs 
is then confirmed in the diploid yeast cells as described 
above. The diploid yeast strain is used directly for 
fusion or put through meiosis and ascosporogenesis 

25 (sporulation) using standard procedures. The meiotic 

products are then screened to identify a haploid clone 
containing the two YACs. With either approach described 
above , the second YAC can be targeted with HPRT or another 
selectable marker prior to introduction of the first YAC. 

30 Also, if each YAC contains a different yeast selectable 

marker, maintenance of both YACS during strain propagation 
may be genetically selected. Fusion with ES cells is then 
carried out in the same manner as with yeast cells 
containing a single YAC. Because many yeast chromosomes 

35 may integrate along with the YAC, it is expected that a 

substantial portion of ES clones expressing the mammalian 
selectable marker present in one YAC (e.g. HAT'^ clones 
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if the YAC marker is HPRT, and the ES cells are HPRT-) , 
will have integrated both YACs. Methods such as Southern 
analysis and/or PGR may be used to identify such clones, 
and Southern analysis employing pulsed-field gel 
5 electrophoresis used to characterize the extent of YAC 

integration. 

The entire IgH^^ locus can be contained within one 
or a few YAC clones along with a mammalian marker such 
as Neo, HPRT, GPT, jS-gal, etc. The same is true for the 

10 Ig light chain loci. Reconstitution of intact germ line 

Ig loci by homologous recombination between YACs with 
overlapping regions of homology can be achieved in yeast - . 
In this manner, the isolation of DNA fragments encoding 
the human Ig chain is obtained. Alternatively, one can 

15 directly clone an intact germline locus in a single YAC. 

In order to obtain a broad spectrum of high affinity 
antibodies, it is not necessary that one include the 
entire V region. Various V region gene families are 
interspersed within the V region cluster in humans. Thus, 

20 by obtaining a subset of the known V region genes of the 

human heavy and light chain Ig loci (Berman et al. , EMBO 
J. (1988) 7:727-738) rather than the entire complement 
of V regions, the transgenic host may be immunized and 
be capable of mounting a strong immune response and 

25 provide high affinity antibodies. In this manner, 

relatively small DNA fragments of the chromosome may be 
employed. For example, a reported 670 kb fragment of the 
IgHu locus is contained on a Notl-NotI restriction 
fragment, which would serve to provide a variety of V 

30 regions (Berman et al. , supra) . Increased diversity is 

also provided by recombination with the various D and J 
regions and somatic mutation. 

To render the host immunoglobulin loci non- 
functional, homologous recombination may be employed, 

35 where DNA is introduced at the endogenous host 

immunoglobulin heavy chain and light chain loci which 
inhibits the production of endogenous immunoglobulin. 
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Because there are two heavy chain alleles and two light 
chain loci, kappa and lambda, each with two alleles, 
although one may choose to ignore the lambda loci, there 
will have to be multiple transformations which result in 
5 inactivation of each of the alleles. Homologous 

recombination may be employed to functionally inactivate 
each of the loci, by introduction of the homologous DNA 
via a construct that can disrupt or delete the target 
locus into embryonic stem cells, followed by introduction 

10 of the modified cells into recipient blastocysts. 

Subsecjuent breeding allows for germ- line transmission 
of the inactivated locus. One can therefore choose to 
breed heterozygous offspring and select for homozygous 
offspring from the heterozygous parents. 

15 In the second, alternative strategy described above, 

the number of steps may be reduced by providing at least 
a fragment of the human immunoglobulin locus within the 
construct used for homologous recombination with the 
analogous endogenous immunoglobulin, so that the human 

20 locus is substituted for at least a part of the host 

immunoglobulin locus, with resulting inactivation of the 
host immunoglobulin subunit locus. Of particular interest 
is the use of transformation for a single inactivation, 
followed by breeding of the heterozygous offspring to 

25 produce a homozygous offspring. Where the human locus 

is employed for substitution or insertion into the host 
locus for inactivation, the number of transformations may 
be limited to three transformations and as already 
indicated, one may choose to ignore the less used locus 

30 and limit the transformations to two transformations. 

Alternatively, one may choose to provide for inactivation 
as a separate step for each locus, employing embryonic 
stem cells from offspring which have previously had one 
or more loci inactivated. In the event that only 

35 transformation is used and the human locus is integrated 

into the host genome in random fashion, a total of eight 
or more transformations may be required. 
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For inactivation, any lesion in the target locus 
resulting in the prevention of expression of an 
immunoglobulin subunit of that locus may be employed. 
Thus, the lesion may be in a region comprising enhancers, 
5 e,g., a 5' or 3' enhancer, or intron, in the V, J or C 

regions, and with the heavy chain, the opportunity exists 
in the D region, or combinations thereof. The important 
factor is that Ig germ line gene rearrangement is 
inhibited, or a functional message encoding the enodgenous 

10 immunoglobulin cannot be produced, either due to failure 

of transcription, failure of processing of the message, 
or the like. Such a lesion may take the form of a 
deletion in the target gene, an insertion of a foreign 
gene, a combination of an insertion and deletion, or a 

15 replacement using xenogeneic sec[uences with or without 

introduction of a deletion in the endogenous gene. 

Preferably, when one is interested in inactivating 
the immunoglobulin subunit locus, the lesion will be 
introduced into one or more of the exons contained in the 

20 immunoglobulin subunit locus, for example in the constant 

or J region of the locus. Thus, one produces a targeting 
construct which lacks functional exons in this region and 
may comprise the sequences adjacent to and upstream and/ or 
downstream from the J and/or C region or comprises all 

25 or part of the region with an inactivating insertion in 

the J or C exons. The insertion may be 50 bp or more, 
where such an insertion results in disruption of formation 
of a functional mRNA. Desirably, usually at least about 
75% of the exon sequence, preferably at least about 90% 

30 of the exon sequence, is deleted. 

Desirably, a marker gene is used in the targeting 
construct to replace the deleted sequences. Various 
markers may be employed, particularly those which allow 
for positive selection. Of particular interest is the 

35 use of G418 resistance, resulting from expression of the 

gene for neomycin phosphotransferase ("neo") . 
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In the targeting construct, upstream and/or 
downstream from the target gene, may be a gene which 
provides for identification of whether a homologous double 
crossover has occurred (negative selection) • For this 
5 purpose, the Herpes simplex virus thymidine kinase gene 

may be employed, since cells expressing the thymidine 
kinase gene may be killed by the use of nucleoside analogs 
such as acyclovir or gancyclovir, by their cytotoxic 
effects on cells that contain a functional HSV-tk (Mansour 

10 et al.. Nature 336:348-352 (1988)). The absence of 

sensitivity to these nucleoside analogs indicates the 
absence of the HSV- thymidine kinase gene and, therefore, 
where homologous recombination has occurred, that a doxible 
crossover has also occurred. 

15 While the presence of the marker gene in the genome 

will indicate that integration has occurred, it will still 
be necessary to determine whether homologous integration 
has occurred. This can be achieved in a number of ways. 
For the most part, DNA analysis by Southern blot 

20 hybridization will be employed to establish the location 

of the integration. By employing probes for the insert 
and the sequences at the 5' and 3' regions flanking the 
region where homologous integration would occur, one can 
demonstrate that homologous targeting has occurred. 

25 PGR may also be used with advantage in detecting the 

presence of homologous recombination. PGR primers may be 
used which are complementary to a sequence within the 
targeting construct and complementary to a sequence 
outside the construct and at the target locus. In this 

30 way, one can only obtain DNA molecules having both the 

primers present in the complementary strands if homologous 
recombination has occurred. By demonstrating the expected 
size fragments, e.g. using Southern blot analysis, the 
occurrence of homologous recombination is supported. 

35 The targeting construct may further include a 

replication system which is functional in the host cell. 
For the most part, these replication systems will involve 
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viral replication systems, such as Simian virus 40, 
Epstein-Barr virus, polyoma virus, papilloma virus, and 
the like. Various transcriptional initiation systems may 
be employed, either from viruses or from mammalian genes, 
5 such as SV40, metallathionein-I and II genes, )S-actin 

gene, adenovirus early and late genes, phosphoglycerate 
kinase gene, RNA polymerase II gene, or the like. In 
addition to promoters, wild-type enhancers may be employed 
to further enhance the expression of the marker gene. 

10 In preparing the targeting constructs for homologous 

recombination, a replication system for procaryotes, 
particularly E. coli . may be included for preparing the 
targeting construct, subcloning after each manipulation, 
analysis such as restriction mapping or sequencing, 

15 expansion and isolation of the desired sequence. In the 

case of the replacement strategy, where the xenogeneic 
DNA insert is large, generally exceeding about 50 kbp, 
usually exceeding 100 kbp, and usually not more than about 
1000 kbp, a yeast artificial chromosome (YAC) may be used 

20 for cloning of the targeting construct. 

Once a targeting construct has been prepared and any 
undesirable sequences removed, e.g., procaryotic 
sequences, the construct may now be introduced into the 
target cell, for example an ES cell. Any convenient 

25 technique for introducing the DNA into the target cells 

may be employed. Techniques include protoplast fusion, 
e.g. yeast spheroplastrcell fusion, lipofection, 
electroporation, calcium phosphate-mediated DNA transfer 
or direct microinjection. 

30 After transformation or transfection of the target 

cells, target cells may be selected by means of positive 
and/or negative markers, as previously indicated, neomycin 
resistance and acyclovir or gancyclovir resistance. Those 
cells which show the desired phenotype may then be further 

35 analyzed by restriction analysis, electrophoresis, 

Southern analysis, PCR, or the like. By identifying 
fragments which show the presence of the lesion (s) at the 
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target locus, one can identify cells in which homologous 
recombination has occurred to inactivate a copy of the 
target locus. 

The above described process may be performed first 
5 to inactivate a heavy chain locus in an embryonic stem 

cell whereby the cells are micro injected into host 
blastocysts which develop into a chimeric animal. The 
chimeric animals are bred to obtain heterozygous hosts. 
Then, by breeding of the heterozygous hosts, a homozygous 

10 host may* be obtained or embryonic stem cells may be 

isolated and transformed to inactivate the second IgH 
locus, and the process repeated until all the desired loci 
have been inactivated. Alternatively, the light chain 
locus may be the first to be inactivated. For complete 

15 elimination of the ability to produce light chain 

immunoglobulin, it is desirable to inactivate both the 
lambda and the kappa light chain immunoglobulin loci. 
At any stage, the xenogeneic loci may be introduced. 

As already indicated, the target locus may be 

20 substituted with the analogous xenogeneic locus. In this 

way, the xenogeneic locus will be placed substantially 
in the same region as the analogous host locus, so that 
any regulation associated with the position of the locus 
will be substantially the same for the xenogeneic 

25 immunoglobulin locus. For example, by isolating the 

variable region of the human IgH locus (including V, D, 
and J sequences) , or portion thereof, and flanking the 
human locus with sequences from the murine locus, 
preferably sequences separated by at least about 5 kbp, 

30 in the host locus, preferably at least about 10 kbp in 

the host locus, one may insert the human fragment into 
this region in a recombinational event(s), substituting 
the human immunoglobulin locus for the endogenous variable 
region of the host immunoglobulin locus. In this manner, 

35 one may disrupt the ability of the host to produce an 

endogenous immunoglobulin subunit, while allowing for the 
promoter of the human immunoglobulin locus to be activated 
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by the host enhancer and regulated by the regulatory 
system of the host. 

In order to provide for the production of xenogeneic 
binding proteins in a host, it is necessary that the host 
5 be competent to provide the necessary enzymes and other 

factors involved with the production of antibodies, while 
lacking competent endogenous genes for the expression of 
heavy and light subunits of immunoglobulins. Thus, those 
enzymes and other factors associated with germ line 
10 rearrangement, splicing, somatic mutation, and the like 

will be functional in the host. What will be lacking is 
a functional natural region comprising the various exons 
associated with the production of endogenous 
immunoglobulin . 

15 The integration of introduced xenogeneic DNA may be 

random or homologous depending on the particular strategy 
to be employed. Thus, by using transformation, using 
repetitive steps or in combination with breeding, 
transgenic animals may be obtained which are able to 

20 produce xenogeneic binding proteins in the substantial 

absence of light or heavy endogenous immunoglobulin. By 
transformation is intended any technique for introducing 
DNA into a viable cell, such as conjugation, PEG-mediated 
cell fusion, transformation, transf ection, transduction, 

25 electroporation, lipof ection, biolistics, or the like. 

Once the xenogeneic loci, have been introduced into 
the host genome, either by homologous recombination or 
random integration, and host animals have been produced 
with the endogenous immunoglobulin loci inactivated by 

30 appropriate breeding of the various transgenic animals 

or animals derived from chimeric animals, one can produce 
a host which lacks the native capability to produce 
endogenous immxinoglobulin, but has the capacity to produce 
xenogeneic immunoglobulins with at least a significant 

35 portion of the repertoire of the xenogeneic source. 

The functional inactivation of the two copies of each 
of the three host Ig loci (heavy, kappa and lambda) , where 
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the host then contains the human IgH and the hximan Ig 
kappa and/or lambda loci would allow for the production 
of purely human antibody molecules without the production 
of host or host/hiiman chimeric antibodies. Such a host 

5 strain/ by immunization with specific antigens, would 

respond by the production of murine B-cells producing 
specific human antibodies, which B-cells could be fused 
with murine myeloma cells or be immortalized in any other 
manner for the continuous stable production of human 

10 monoclonal antibodies. Methods are well known in the art 

for obtaining continuous stable production of monoclonal 
antibodies. 

The subject methodology and strategies need not be 
limited to producing complete immunoglobulins, but 

15 provides the opportunity to provide for regions joined 

to a portion of the constant region, e.g., C„,, C^, Cy^, 
or Ch4, or combination thereof. Alternatively, one or more 
of the exons of the C„ and or Cx regions may be replaced 
or joined to a sequence encoding a different protein, such 

20 as an enzyme, e.g., plasminogen activator, superoxide 

dismutase, etc.; toxin, e.g., ricin, abrin, diphtheria 
toxin, etc.; growth factor; cytotoxic agent, e.g., TNF; 
receptor ligand, or the like. See, for example, WO 
89/07142; WO 89/09344; and WO 88/03559. By inserting the 

25 protein of interest into a constant region exon and 

providing for splicing of the variable region to the 
modified constant region exon, the resulting binding 
protein may have a different C-terminal region from the 
immunoglobulin. By providing for a stop sequence with 

30 the inserted gene, the protein product will have the 

inserted protein as the C-terminal region. If desired, 
the constant region may be entirely substituted by the 
other protein, by providing for a construct with the 
appropriate splice sites for joining the variable region 

35 to the other protein. 

The B-cells from the transgenic host producing 
immunoglobulin or immunoglobulin analog may be used for 
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fusion to a murine myeloid cell to produce hybridomas or 
immortalized by other conventional process, e.g., 
transf ection with oncogenes. These immortalized cells may 
then be grown in continuous culture or introduced into 
5 the peritoneum of a compatible host for production of 

ascites. 

The subject invention provides for the production 
of polyclonal human anti-serum or human monoclonal 
antibodies or antibody analogs. Where the mammalian host 
10 has been immanized with an immunogen, the resulting human 

antibodies may be isolated from other proteins by using 
an affinity column, having an Fc binding moiety, such as 
protein A, or the like. 

The invention includes the following embodiments of 
15 non-human hosts (see also Figure 18): 

I. Animals heterozygous for an inactive endogenous 
light chain immunoglobulin gene (homozygous animals are 
obtained by interbreeding) ; 

II. Animals heterozygous for an inactive endogenous 
20 heavy chain immunoglobulin gene (homozygous animals are 

obtained by interbreeding) ; 

III- Animals homozygous for functional endogenous 
light and heavy chain immunoglobulin genes and hemizygous 
for (i.e. containing one copy of) foreign, preferably 
25 human, heavy chain immunoglobulin genes (homozygous 

animals are obtained by interbreeding) ; 

IV. Animals homozygous for functional endogenous 
light and heavy chain immunoglobulin genes and hemizygous 
for foreign, preferably human, light chain immunoglobulin 

30 genes (homozygous animals are obtained by interbreeding) ; 

V. Animals heterozygous for inactive endogenous 
heavy and light chain immunoglobulin genes obtained by 
crossbreeding animals of category I with animals from 
category II (homozygous animals are obtained by 

35 interbreeding) ; 



22 



wo 94/02602 



PCr/US93/06926 



VI. Animals heterozygous for inactive endogenous 
heavy and light chain immunoglobulin genes and hemizygous 
for foreign, preferably human, heavy chain immunoglobulin 
genes obtained by crossbreeding animals of category III 

5 with animals from category V (animals homozygous for the 

inactive endogenous loci and homo- or hemizygous for the 
foreign gene are obtained by interbreeding) ; 

VII. Animals heterozygous for inactive endogenous 
heavy and light chain immunoglobulin genes and hemizygous 

10 for foreign, preferably human, light chain immunoglobulin 

genes obtained by crossbreeding animals of category IV 
with animals from category V (animals homozygous for the 
inactive endogenous loci and homo- or hemizygous for the 
foreign gene are obtained by interbreeding) ; 

15 VIII. Animals homozygous or heterozygous for 

inactive endogenous heavy and light chain immunoglobulin 
genes and hemizygous for foreign, preferably human, light 
and heavy chain immunoglobulin genes, obtained by 
crossbreeding animals of category VI and VII (animals 

20 homozygous for the inactive endogenous loci and homo- or 

hemizygous for the foreign gene are obtained by 
interbreeding) ; 

In a preferred einbodiment, the homozygous animals 
of category VIII are used to produce human antibodies. 

25 IX. Animals homozygous for fvmctional endogenous 

heavy and light chain immunoglobulin genes and hemizygous 
for foreign, preferably hximan, heavy and light chain 
immunoglobulin genes, obtained by crossbreeding animals 
of category III and IV (homozygous animals are obtained 

30 by interbreeding) ; 

X. Animals heterozygous for an inactive endogenous 
heavy chain immunoglobulin gene and hemizygous for 
foreign, preferably human, heavy and light chain 
immunoglobulin genes, obtained by crossbreeding animals 

35 of category II and IX (animals homozygous for the inactive 

endogenous loci and homo- or hemizygous for the foreign 
gene are obtained by interbreeding) . 
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XI- Animals heterozygous for an inactive endogenous 
light chain immunoglobulin gene and hemizygous for 
foreign , preferably human , heavy and light chain 
immunoglobulin genes, obtained by crossbreeding animals 
5 of category I and IX (animals homozygous for the inactive 

endogenous loci and homo- or hemizygous for the foreign 
gene are obtained by interbreeding) . 

The invention also provides a method for introducing 
large continuous, xenogeneic DNA sequences into a non- 
10 human, e.g. mammalian,. host. Usually, the sequences will 
be at least 100 kb, more usually at least about 200 kb, 
generally ranging from about 200 to 1000 kb. Thus, one 
may wish to transfer a locus of interest, such as the 
immunoglobulin locus, T-cell receptor locus, major 
15 histocompatibility locus; regions of an xenogeneic 
chromosome, which may include one or more genes of 
interest, which may or may not have been characterized, 
such as the Low Density Lipoprotein (LDL) receptor, 
Apolipoprotein (Apo) B, Apo E, cystic fibrosis 
20 transmembrane conductor regulator, dystrophin, or regions 
of xenogeneic chromosomes that may be involved in partial 
chromosome trisomy (e.g. chromosomes 21, 7 and 10); and 
viruses. The DNA may comprise wild type or defective 
genes for studying a variety of diseases by creating 
25 dominant mutations or complementing recessive mutations, 
for example the LDL receptor and Apo B genes can be 
introduced for the study of hypercholesterolemia, 
hyperlipoproteinemia and atherosclerosis. Factor VIII or 
IX can be introduced for hemophilia, cystic fibrosis 
30 transmembrane conductance regulator can be introduced for 
cystic fibrosis arid the dystrophin gene for muscular 
dystrophy. The xenogeneic DNA to be introduced using 
a YAC is from a mammalian source, particularly primates, 
more particularly human, other vertebrates or 
35 invertebrates and the like. One can thus impart numerous 
novel capabilities to the host, create genetic responses 
related to the xenogeneic soxirce of the DNA, provide for 
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the production of antibodies, provide for specific 
combinations of transcription factors, provide for 
metabolic systems, introduce dominant mutations or 
compl ment recessive mutations- The xenogeneic DNA may 
5 be modified when present in a YAC. Because homologous 

recombination is efficient in yeast, giving a high ratio 
of site-specific integration of homologous DNA, where the 
homologous DNA flanks other DNA of interest, one is able 
to modify the xenogeneic DNA before introduction into an 

10 ES cell. In this way, one can introduce defective genes 

into the host which express defective proteins to mimic 
diseased states of the xenogeneic host, to study various 
mechanisms of the interaction of defective proteins with 
other xenogeneic proteins or endogenous proteins, or to 

15 study genes or gene systems. 

In general, to transfer large DNA segments, as 
described in detail herein, YACs are employed which 
comprise a yeast centromere, an origin of replication and 
telomeres bounding the DNA of interest. Various 

20 centromeres or telomeres may be used, particularly the 

centromeres from yeast chromosomes 4 and 5. The YAC has 
a marker which allows for selection or screening of cells 
into which the YAC becomes integrated. Not all markers 
allow for efficient selection. Particularly, the HPRT 

25 gene, more particularly human HPRT, is found to permit 

efficient selection of HPRT-def icient ES cells carrying 
the YAC. Other known selectable or screenable markers 
include hygromycin, neomycin, jS-gal, and GPT. The ES cell 
may be derived from any non-human host, from which ES 

30 cells are available, and can be expanded in culture, which 

remain viable and functional, for which a marker for 
selection exists, and where the ES cell can be introduced 
into an embryo and can repopulate the host, including the 
germline. For the most part this capability has been 

35 established with rodents, e.g. mice and rats, and to a 

lesser extent with guinea pigs. Mice have been used for 
the production of antibodies or B- lymphocytes for 
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immortalization for the production of antibodies. Because 
mice are easy to handle, can be produced in large 
quantities, and are known to have an extensive immune 
repertoire, mice will usually be the animal of choice. 
5 As other species of ES cells become available, these may 

also be employed in accordance with the subject invention* 
Of particular interest will be small laboratory animals, 
or domestic animals particularly rodents, including mice, 
rats, rabbits, cows, pigs, hamsters, horses, dogs, sheep 

10 and guinea pigs, or birds such as chickens, turkeys, etc. 

The ES cells may have one or more mutations, for example 
lacking a particular activity. Of particular interest 
in this invention are ES cells that are deficient in HPRT. 
In addition, fertilized eggs of certain species may find 

15 use in accordance with the invention. 

The YAC may be obtained by screening existing human 
YAC libraries such as those available from the Centre 
d'Etude du Polymorphisme Human (C.E.P.H.), Paris, France, 
and Washington University, St. Louis, MO, using standard 

20 procedures. Alternatively, the YAC is readily prepared 

as described in detail herein, by joining the yeast 
flanking segments comprising one arm with a centromere 
and telomere and another with a telomere together with 
the DNA of interest. Usually there will also be one or 

25 more markers present that allow for selection in the yeast 

host cells. For yeast selection, of particular interest 
are markers which complement mutations of the yeast host, 
such as genes involved in the production of amino acids, 
purines or pyrimidines, URA3, TRPl, LYS2, ADE2 on the YAC 

30 to complement ura3, trpl, lys2 and Ade2 mutations in the 

host. By providing for complementation, for the most part 
only yeast cells carrying the entire YAC will be able to 
survive in a selective medium. In addition to genetic 
verification that both YAC arms have been retained, it 

35 is desirable to confirm the integrity of the YAC using 

a method such as pulsed-field gel electrophoresis. 
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Those yeast hosts carrying the YAC may then be used 
as a source of the YAC for introduction into the ES cell. 
Transfer of the YAC is efficiently achieved by preparing 
yeast spheroplasts in accordance with conventional ways. 
5 By degrading the outer wall, under mild conditions, in 

an isotonic medium, spheroplasts are produced in high 
yield. Exponentially growing ES cells are protease- 
treated, e^g. trypsinized, and combined with the 
spheroplasts. Conveniently, a pellet of yeast spheroplasts 

10 can be prepared and the ES cells are spun with the pellet 

and exposed to a fusogenic agent such as PEG for 1-2 
minutes. The cells are then resuspended and incubated 
in appropriate serrum-free medium. The cells are then 
plated onto feeder cells, followed by selection in 

15 accordance with the selective marker. For the HPRT gene, 

HAT medium may be employed for selection. Surviving fusion 
colonies are then, picked, expanded and analyzed. 
Analysis may be performed by restriction enzyme analysis, 
combined with Southern blotting or pulsed-field gel 

20 electrophoresis, or by the polymerase chain reaction 

(PCR) , employing appropriate primers, at least one of 
which is complementary to the DNA insert, and probing with 
repetitive sequences present in the xenogeneic DNA, such 
as Alu, for detection of human DNA sequences. Ty, Y', 

25 rDNA, delta sequences are used to probe for for yeast 

sequences. Probes for YAC ends are used to confirm 
integrity of the YAC. Those cells that demonstrate the 
intact or substantially intact YAC DNA integrated into 
the host genome are then used in the next steps. In some 

30 clones, only a portion or little or none of the yeast DNA 

becomes integrated into the mouse genome. The integrated 
yeast DNA ranges from more than about 90% of the original 
yeast genome to less than about 10% . 

In a preferred embodiment, efficient production of 

35 transgenic non-human hosts is provided using a process 

which integrates large, at least 100 kb, xenogeneic DNA 
fragments, in substantially intact form, into a host 
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embryonic stem (ES) cell or fertilized egg (zygote) . The 
introduction of the xenogeneic DNA is efficiently achieved 
by fusion of the ES cell with yeast spheroplasts that 
contain YACs carrying the 100 kb DNA and a selectable 
5 marker, under conditions allowing for integration of the 

YAC DNA containing the marker into the ES cell genome, 
or by transfection of a purified YAC into ES cells. ES 
cells comprising the YAC integrated into the genome are 
then selected by means of the marker, which is functional 
10 in the ES cell. For example, the hypoxanthine 

phosphoribosyl transferase (HPRT) gene may be used as a 
marker in HPRT deficient (HPRT-) ES cells. For producing 
animals from embryonic stem cells, after transformation, 
the cells may be plated onto a feeder layer in an 
15 appropriate medium, e.g. fetal bovine serum enhanced DMEM. 

The ES cell may have a single targeted locus 
(heterozygous) , or may be manipulated by the process of 
homogenotization to have both loci targeted (homozygous) . 
The process of homogenotization (formation of homozygotes) 
20 uses selective pressure to grow out those cells which have 

the gene targeting event on both chromosomes. Cells 
containing the two targeted alleles may be detected by 
employing a selective medium and after sufficient time 
for colonies to grow, colonies may be picked and analyzed 
25 for the occurrence of integration or homologous 

recombination. As described previously, the PCR may be 
used, with primers within or outside of the construct 
sequence, but at the target locus. 

Those colonies which show homologous recombination 
30 may then be used for embryo manipulation and blastocyst 

injection. The selected ES cells are then introduced into 
embryos, by microinjection or other means, into the 
appropriate host. For example, murine blastocyts may be 
obtained from female animals by flushing the uterus 3.5 
35 days after ovulation. The modified ES cells are then 

trypsinized and at least 1 and up to 15 cells may be 
injected into the blastocoel of the blastocyst. After 
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injection, at least 1 and no more than about 10 of the 
blastocysts are retiirned to each uterine horn of pseudo- 
pregnant females* The females proceed to term and the 
resulting chimeric animals can be analyzed for the 
5 presence of the YAC in their somatic cells. By "chimeric" 

is meant an animal that carries cells derived from more 
than one source, e.g. from the host and another animal. 
For example, in the present invention a chimeric murine 
animal contains a genetically engineered modification, 

10 particulcirly a human gene, in some of its cells, e.g. in 

cells that develop from the modified embryonic stem cells. 
The presence of the integrated YAC in chimeric hosts that 
are generated is then analyzed. The chimeric hosts are 
evaluated for germline transmission of the ES cell genome 

15 by mating, for example chimeric mice are mated with 

C57BL/6J mice. Chimeric hosts may be bred with non- 
chimeric hosts, either syngeneic or allogeneic, to screen 
for chimeras that carry the YAC in their germ cells. 
Offspring that are heterozygous for the genetic 

20 modification are then interbred to produce progeny that 

are homozygous for the modification, stably transmitting 
the functioning YAC construct to their progeny. 

The method of the invention for introduction of large 
xenogeneic DNA segments into a non-human host, 

25 particularly a rodent and usually a murine animal, 

provides for stable integration of the DNA. Genes in the 
inserted DNA are found to be functional and the resulting 
chimeric hosts are able to provide for germline 
transmission of the integrated DNA. After breeding of 

30 the chimeric host, transgenic heterozygous hosts are 

produced and are mated to produce a homozygous animal that 
may be used for a wide variety of purposes, including 
production of products, such as binding proteins, for 
example immunoglobulins, for screening of various drugs, 

35 for gene therapy, for example to complement for recessive 

genetic disorders, to study various diseases, to study 
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the function and regulation of poorly mapped large DNA 
fragments. 

The following examples are offered by way of 
illustration and not by way of limitation. 

5 

EXPERIMENTAL 
EXAMPLE I 



I. Inactivation of the mouse heavy chain J fJ„) genes 

10 A. Construction of the targeting inactivation vector 

A 6.4 kb EcoRI fragment, containing the mouse heavy 
chain J genes and flanking sequences, is cloned from a 
Balb/c mouse embryo genomic library using the probes 
described in Sakano et al. (1981), Nature 290 :562-565. 

15 This fragment (mDJ) is inserted into EcoRI-digested pUC19 

plasmid (pioDJ) • A 2.9 Kb fragment, containing the 4 J 
genes, is deleted by Xhol-Scal digestion (pmDtfJNeo, see 
Figure 1) • An 1150 bp Xhol-BamHI fragment, containing 
a neomycin-resistance gene driven by the Herpes simplex 

20 virus thymidine kinase gene (HSV-tk) promoter and a 

polyoma enhancer is isolated from pMClNeo (Thomas and 
Capecchi (1987) , Cell . 51 . 503-512) . A synthetic adaptor 
is added onto this fragment to convert the BamHI end into 
a Seal end and the resulting fragment is joined to the 

25 Xhol-Scal pmD5J to form the inactivation vector 

(pmD^J.Neo) in which the 5' to 3' orientation of the 
neomycin and the heavy chain promoters is identical. This 
plasmid is linearized by Ndel digestion before 
transfection to ES cells. The sequences driving the 

30 homologous recombination event are 3 kb and 0.5 kb 

fragments, located 5' and 3' to the neomycin gene, 
respectively, 

B. Culturing. Electroporation and Selection of ES Cells 
35 The ES cell line E14TG2a (Hooper et al. (1987), 

Nature, 326:292-295) is cultured on mitomycin treated 
primary embryonic f ibroblast-f eeder layers essentially 
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as described (Doetschman et al. (1985) ^ J, Einbrvol. Exp. 
Morphol . 87:27-45). The embryonic fibroblasts are 
prepared from embryos from C57BL/6 females that are mated 
14 to 17 days earlier with a male homozygous for a 
5 neomycin transgene (Gossler et al. (1986) , PNAS 83:9065- 

9069) . These cells are capable of growth in media 
containing G418. Electroporation conditions are described 
by (Boggs et al. (1986), Ex. Hematol. fNY) 149 :988-994). 
ES cells are trypsinized, resuspended in culture media 

10 at a concentration of 4xl0^/ml and electroporated in the 

presence of the targeting DNA construct at a concentration 
of 12nM in the first experiment and 5nM DNA in the second. 
A voltage of 300 V with a capacitance of 150-250 /iF is 
found optimal with an electroporation cell of 5 mm length 

15 and 100 mm^ cross-section. 5x10** electroporated cells are 

plated onto mitomycin-treated fibroblasts in 100 mm dishes 
in the presence of Dulbecco's modified Eagle's media 
(DMEM) supplemented with 15% fetal bovine ser\m (FES) and 
0.1 mM 2-mercaptoethanol. The media is replaced 24 hrs 

20 after electroporation with media containing 200 ^g/ml 

G418. 

ES colonies resulting 10-14 days after 
electroporation are picked with drawn out capillary 
pipettes for analysis using PGR. Half of each picked 

25 colony is saved in 24-well plates already seeded with 

mitomycin-treated feeder cells. The other halves, 
combined in pools of 3-4, are transferred to Eppendorf 
tubes containing approximately 0.5 ml of PBS and analyzed 
for homologous recombination by PGR. Conditions for PGR 

30 reactions are essentially as described (Kim and Smithies 

(1988), Nucleic Acids Res. 16:8887-8893). After 
pelleting, the ES cells are resuspended in 5 ^1 of PBS 
and are lysed by the addition of 55 ^1 of HjO to each tube. 
DNAses are inactivated by heating each tube at 95°C for 

35 10 min. After treatment with proteinase K at 55**C for 

30 min, 30 Ml of each lysate is transferred to a tube 
containing 20 /il of a reaction mixture including PGR 
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buffer: 1.5 fxg of each primer, 3U of Taq polymerase, 10% 
DMSO, and dNTPs, each at 0.2 mM. The PGR expansion 
employs 55 cycles using a thermocycler with 65 seconds 
melt at 92**C and a 10 min annealing and extension time 
5 at 65**C. The two priming oligonucleotides are 

TGGCGGACCGCTATCCCCCAGGAC and TAGCCTGGGTCCCTCCTTAC , which 
correspond respectively to a region 650 bases 3' of the 
start codon of the neomycin gene and sequences located 
in the mouse heavy chain gene, 1100 bases 3' of the 
10 insertion site. 20 fxl of the reaction mix is 

electrophoresed on agarose gels and transferred to nylon 
membranes (Zeta Bind) . Filters are probed with a ^^P- 
labelled fragment of the 991 bp Xbal fragment of the J-C 
region. 



15 



EXAMPLE II 



II. Deletion of the mouse la heavy chain J (Jh) aenes 

in ES cells 

20 A. Construction of the replacement targeting vector 

A 6.1-Kb EcoRI fragment, containing the mouse 
immunoglobulin heavy chain J region genes and flanking 
sequences, cloned from a BALB/c mouse embryo genomic 
library and inserted into pUClS (pJn) / was digested with 

25 Xhol and Nael to delete an about 2.3 kb fragment 

containing the four J genes (see Figure 2A) . An about 
1.1 kb XhoI-BamHI fragment, blunted at the BamHI site, 
containing a neomycin resistance gene driven by the Herpes 
simplex virus thymidine kinase gene (HSV-tk) promoter and 

30 polyoma enhancer was isolated from pMClNeo (Thomas and 

Capecchi (1987), Cell . 51 . 503-512). This fragment was 
inserted into the Xhol-Nael deleted pJH to form the 
deletion vector (pmH^J, see Figure 2B) , in which the 
transcriptional orientation of the neomycin and the heavy 

35 chain genes is the same. This plasmid was linearized by 

Ndel digestion before transfection to ES cells. The 
sequences driving the homologous recombination event are 
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about 2.8 kb and about 1.1 kb fragments, located 5' and 
3' to the neomycin gene, respectively. 

R, Piiltnrina. Fl ArtroDor a i-inn. and Selection of ES cells 
5 The ES cell line E14TG2a (Roller and Smithies (1989) , 

PNAS USA, 861.8932-8935) was cultured on mitomycin C- 
treated embryonic fibroblast feeder layers as described 
(Roller and Smithies (1989), PNAS USA, 86:8932-8935). 
ES cells were trypsinized, resuspended in HBS buffer (pH 
10 7.05; 137 mM NdCl, 5 mM RCl, 2 mM CaCl^, 0.7 mM Na2HP04, 

21 mM HEPES pH 7.1) at a concentration of 2xl0Vml and 
electroporated in the presence of 50 iig/ml of the 
linearized inactivation vector. Electroporation was 
carried out with a BioRad Gene Pulser using 240 volts and 
15 500 (iF capacitance. 5x10* electroporated cells were plated 

onto mitomycin c-treated fibroblasts in 100 mm dishes in 
the presence of Dulbecco's modified Eagle's media (DMEM) 
supplemented with 15% fetal bovine serum and 0.1 mM 2- 
mercaptoethanol. The media was replaced 24 hr after 
20 electroporation with media containing 200 tig/nl G418. 

G4 18 -resistant ES colonies resulting from growth 12-14 
days after electroporation were picked with drawn out 
capillary pipettes for analysis using the polymerase chain 
reaction (PGR) . Half of each picked colony was 
25 transferred to an individual well of a 24-well plate, 

already seeded with mitomycin C-treated feeder cells. 
The other halves, combined in pools of four, were 
transferred to Eppendorf tubes containing 0.3 ml of PBS 
and cell lysates were prepared for PGR analysis as 
30 described by Joyner et al (1989) Nature, 338=153-155. 

The PGR reaction included 5-20 /ixl of the cell lysate, 1 
/iM of each primer, 1.5 U of Tag polymerase and 200 fM of 
dNTPs. The PGR amplification employed 45 cycles using 
a thermal cycler (Perkin-Elmer Cetus) , with 1 min. melt 
35 at 94°C, 2 min. annealing at 55»G, and 3 min. extension 

at 72 »C. The two priming oligonucleotides are 
AGGGTATCGGCGGTGGCGAT and AGTGAGTGTAAAGAGTTCGGGTA, which 
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correspond respectively to about 120 bases 5' of the BamHI 
site of the neomycin gene, and to the sequences located 
in the mouse heavy chain gene, cibout 160 bases 3' of the 
insertion site. Successful homologous recombination gives 
5 rise to an about 1.4 Icb fragment. 20 nl of the reaction 

mixture is electrophoresed on 1% agarose gels, stained 
with ethidium bromide and transferred to nylon membranes 
(Gene Screen) . Filters were probed with a ^^P- labelled 
EcoRI-PstI about 1.4 kb fragment located in the mouse 

10 heavy chain, 3' of the insertion site (see Figure 2) . 

For further analysis, genomic DNA was prepared from ES 
cells, digested with restriction enzymes as recommended 
by the manufacturers, and fragment were separated on 1% 
agarose gels. DNA was transferred to nylon membranes 

15 (Gene Screen) and probed with the ^^P- labelled fragment as 

described above. 



C- Analysis of G418- resistant ES colonies 

In the first experiment, PGR analysis of the pooled 
colonies detected one positive PGR signal of the expected 

20 size^ (about 1.4 Icb) out of 34 pools representing 136 G418- 

resistant colonies. The four individual colonies that had 
contributed to this positive pool were analyzed 
individually by PGR, and a positive clone, ES33D5, was 
identified. Similar analysis of 540 G418- resistant 

25 colonies obtained in the second experiment yielded 4 

additional positive clones {ES41-1, ES61-1, ES65-1, ESllO- 
1) . 

In order to verify the targeted disruption of one 
copy of the J genes, (the gene is autosomal and thus 
30 present in two copies) , . the PGR positive clones were 

expanded and genomic DNA was prepared, digested with 
Hindlll or with Sad and analyzed by Southern analysis 
as described using the EcoRI-PstI probe. 

The replacement of the J genes by insertion of the 
35 neomycin gene by an homologous recombination event results 

in a Hindlll fragment, detectable with the EcoRI-PstI 
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probe, which is about 1,9 kb longer than the equivalent 
fragment in the native locus, due to the loss of two 
Hindlll sites located in the deleted J gene region (see 
Figure 2C) . Southern analysis of each of the 5 positive 
5 clones by Hindlll digestion gave a pattern which indicated 

that one of the two copies of the heavy chain J genes had 
been disrupted. Three labelled fragments were detected: 
one fragment (about 760 bp) , identical in size to that 
present in untreated cells at the same intensity, one 

10 fragment (about 2.3 kb) identical in size to that present 

in untreated cells, but of decreased intensity in the PGR 
positive clone, and an additional fragment about 4.2 kb, 
the size predicted for an homologous recombination event, 
present only in the PCR-positive clones. Similarly, the 

15 replacement of the J genes by the neomycin gene by an 

homologous recombination event results in a loss of one 
Sad site and the appearance of a fragment, detectable 
with the EcoRI-PstI probe, which is about 570 bp smaller 
than the equivalent fragment in the native locus (see 

20 Figure 2C) . Southern analysis of the clones by Sad 

digestion gave the expected pattern of one native and one 
targeted allele: about 4.0 kb fragment, identical in size 
to that detected in untreated cells, but of decreased 
intensity in the 5 positive clones, and an additional 

25 fragment of about 3.4 kb, the size predicted for a 

targeted homologous recombination event, present only in 
the identified clones. Rehybridization of the Southern 
blots with a probe for the neomycin gene showed that only 
the 4.2 kb and 3.4 kb fragments, resulting from the 

30 Hindlll and the Sad digestion, respectively, hybridized 

to the probe as predicted by the targeting event. 

D. Generation of chimeric mice with deletions 

Three and a half day old C57BL/6J (Jackson 
35 Laboratories, Bar Harbor, ME) blastocysts were obtained 

from 4-5 week old superovulated females as described by 
Roller, et al. 1989 (supra). ES cells were trypsinized, 
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washed once with fresh DMEM media, and diluted to about 
1 X lO^/ml in DMEM medium containing 10% fetal bovine serum 
and 20 mM HEPES, pH 7.5. 10 to 15 cells Were injected 
into the blastocoel of each blastocyst. ES-cell 
5 containing blastocysts were then surgically transferred 

to one uterine horn of C57BL/6J X DBA/2 or C57BL/6J X CBA 
Fl pseudopregnant females. 

The contribution of ES cells to the offspring was 
judged visually by examination of the coat color of the 

10 pups. C57BL/6J mice are solid black in color. The ES 

cell parent line E14TG2a was isolated from 129/Ola 
embryos, which carry three coat color genes, the dominant 
allele at the agouti locus, the recessive pink-eyes- 
dilute allele at the p locus, and the recessive at the 

15 c locus. Chimeric offspring in which the ES cells 

participated in the formation of the animal have coats 
containing agouti and cream hairs. 

Germline transmission ability of the chimeric mice 
was evaluated by mating with a C57BL/6J mouse and scoring 

20 for Fl offspring with agouti color. 50% of these agouti 

mice would be expected to inherit the mutated heavy chain 
allele, which can be identified by Southern blot analysis 
of DNA isolated from tails. 

The Jjj- targeted ES cell line ES65-1, carrying one 

25 targeted heavy chain allele, was injected into C57BL/6J 

mouse blastocysts. About 45% of the surviving pups were 
chimeras. Two chimeric females, 238-2 and 244-3, upon 
mating with C57BL/6J males, yielded germline transmission 
at a frequency of 100% and 15%, as determined by the 

30 percent of agouti offspring. Southern blot analysis of 

DNA from heterozygous offspring indicated the presence 
of the targeted heavy chain in addition to one native 
allele in 2 out of 5 agouti progeny tested. 

Mice homozygous for the mutation were obtained by 

35 intercrossing male and female mice which were identified 

as Jjj-deleted (fiJ^) heterozygotes . Offspring of these 
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matings were analyzed for the presence of the two targeted 
heavy chain alleles by Southern blot analysis. 

E. Analysis of B cells from chimeric mice 
5 If deletion of the Jh region is sufficient to 

inactivate the heavy chain locus, then it should result 
in complete block of development of IgM-expressing B cells 
and of antibody production. Mice which are heterozygous 
at the Jh locus carry one intact and functional heavy 

10 chain allele, derived from the CS'^bl/SJ parent, and one 

Jn-deleted heavy chain allele which is derived from the 
ES cells (129/Ola strain) . The 129 and B6 strains differ 
in Ig heavy chain allotypes ♦ The ES-derived B cells (IgM" 
allotype) can be distinguished from B6-derived B cells 

15 (IgM** allotype) with allotype-specif ic monoclonal 

antibodies, using flow cytometry analysis of antibody 
expressing B. 

The specificity of these antibodies is shown in 
Figure 3 (A-C) . Peripheral blood lymphocytes were stained 

20 with antibodies to the B cell specific marker, B220, and 

with antibodies to the IgM allotype. B cells from 
C57BL/6J mice stained with antibodies directed against 
the IgM^ allotype but not the IgM* allotype (Figure 3B) . 
B cells derived from 129/Ola mice stained with antibody 

25 against the IgM" allotype, but not the IgM** allotype 

(Figure 3 A) . In heterozygous (a/b Fl) mice carrying one 
intact ES-derived heavy chain allele and one intact 
C57BL/6J-derived heavy chain allele, both allotypes were 
present in equal amounts (Figure 3C) . 

30 When B cells from mice which were heterozygous for 

the Jh deletion were analyzed, where the J„ deleted heavy 
chain allele was from the 129/Ola parent, there were no 
cells positive for the IgM' allotype. All B cells were 
IgM** positive, from the intact C57BL/6J heavy chain allele 

35 (Figure 3D) . These results indicated that the J„-deleted 

heavy chain locus is inactivated and cannot encode a 
functional IgM antibody. 
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Mice which were homozygous for the J„ deletion were 
also analyzed for the ability to produce functional 
antibodies. Peripheral blood lymphocytes from homozygous 
mutant mice were analyzed by flow cytometry, using 
5 antibodies to the B cell specific marker B220, and with 

the allotype specific markers (see Figure 4) . In contrast 
to the control mice (Figure 4D-F) , no 8220'*^ cells, or IgM 
producing cells could be detected in the mutant mice 
(Figure 4A-C) . In addition, the mutant mice had no 
10 detectable IgM in the serum. These results indicate that 

the deletion of the J„ region from both heavy chain 
alleles leads to complete inhibition of B cell development 
to mature B cells and production of antibody. 

15 F. Generation of homozvaous mutant ES cells 

The effect of Jh deletion on B cells can also be 
analyzed by generating ES cells with both heavy chain 
alleles targeted, which are then used to produce chimeric 
mice which contain a population of lymphoid cells 

20 homozygous for the mutation. 

Homozygous dJ^ mutant ES cells were generated by 
subjecting one of the heterozygous mutant ES clones, 
ESllO-1, to elevated levels of G418 (1.4 mg/ml) thus 
selecting for homogenotization of the targeted allele. 

25 Seven of the surviving colonies were screened by Southern 

blot analysis using Sad digestion for the loss of the 
wild-type heavy chain allele and acquisition of a second 
targeted allele. One of these clones, ESDK207 was shown 
to have lost the native heavy chain allele, as evidenced 

30 by the inability of probes to detect the wild type 4.0 

kb fragment, and by the increased intensity of the 3.4 kb 
targeted fragment. Karyotypic analysis of ESDK207 
indicated that, like the parent line ESllo-1, about 80% 
of the cells had 40 chromosomes, suggesting that two 

35 targeted alleles were present. The homozygous mutant ES 

cells were microinjected into C57BL/6J blastocysts and 
chimeric mice were generated. 
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G> Analysis of B cells from homozygous chimeras 

B cells from chimeric mice were analyzed to determine 
the effect of deletion on B cell development and 
antibody production. Lymphocytes from the ES cell line 
5 (12 9 /Ola) can be distinguished from blastocyst-derived 

(C57BL/6J) lymphocytes by a monoclonal antibody to the 
Ly-9.1 marker, which is found on lymphocytes of 129 
origin, but not those of B6 origin. In addition, the two 
strains differ in their IgM allotype, as previously 
10 described • 

The chimeras analyzed had been derived from wilci-type 
E14TG2a ES cells (WT) , or from ES cells that were 
heterozygous (ESllO-l, ES65-1) or homozygous (ESDK207) 
at the targeted region. Peripheral blood mononuclear 

15 cells were stained with antibodies to the B cell specific 

marker B220, and with antibodies to either Ly-9.1 or IgM 
allotypes, and then analyzed by two-color flow cytometry. 
To evaluate chimerism in the T cell lineage, the cells 
were stained with antibody for the T cell marker Thy 1.2, 

20 and with anti-Ly-9.1 antibody. Staining of cells from 

the parental mouse strains provided controls for the 
specificity and sensitivity of the assay. 

Mice with similar degrees of chimerism, as judged 
by coat color, were compared. ES-derived B and T cells 

25 were detected in the peripheral blood of chimeric mice 

generated from the wild-type E14TG2a ES cells, confirming 
the ability of this cell line to give rise to lymphoid 
cells in vivo . Analysis of chimeras generated from single 
J„-targeted ES65-1 and ESllO-1 cells demonstrated the 

30 presence of B220*/IgM*'^/Ly-9. l**" B cells containing a 

single, intact, ES cell-derived Ig heavy chain locus. 

In contrast to the WT and single deletion chimeras, 
mice generated from the homozygous mutant ESDK207 cell 
line lacked Ly-9. 1^/B220'' or IgM*^/B220+l B cells in 

35 peripheral blood. The observed lack of ESDK207-derived 

B cells was not due to a lack in lymphopoiesis, since ES- 
derived Ly-9.1''/B220- cells represented 12% of the total 
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pool of peripheral blood mononuclear cells. Of these, 
approximately half were Thy-1.2* T cells. Thus, deletion 
of the J„ region from both alleles blocks development of 
mature IgM* producing B cells. Similar observations were 

5 made for chimeric spleen cells. 

Chimeras were also tested for the presence of serum 
IgM derived from the ES cells. IgM" levels were high in 
chimeras from wild-type ES cells and cells with a single 
targeted mutation, but were undetectable in mice derived 

10 from the ESDK207 cell line. 

Further analysis showed that the bone marrovr of 
ESDK207 mice contained normal IgM**"^ B cells derived from 
the blastocyst host, but lacked ES-derived IgM"* B cells. 
However, DK207-derived bone marrow did contain a 

15 population of cells which were B220*^/Ly-9. l"" derived from 

the ES cells. The bone marrow is therefore likely to 
contain a subpopulation of ES cell-derived B cell 
precursors, whose maturation is blocked by the homozygous 
deletion of the Jh region. 

20 The bone marrow cells were also analyzed with three- 

color flow cytometry, using antibodies to Ly-9.1, B220 
and either CD43 or Thy-1.2. The results show the majority 
of ES-derived cells were CD43 positive, which is 
consistent with an early block in maturation. Many of 

25 the cells were also positive for Thy-1.2, as would be 

expected of very early B cell precursors. These data show 
that deleting the J„ region results in the inability of 
the heavy chain locus to rearrange and produce functional 
IgM. Lack of IgH rearrangement results in a block of B 

30 cell maturation, restricting B cell progenitors to an 

early stage of development. 
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EXAMPLE III 

Deletion of the Mouse la kappa light chain constant 

fCfc) region 

5 A. Construction of the replacement targeting vector 

The kappa region was inactivated with a replacement 
type vector, which was designed to delete the constant 
region of the kappa locus, and replace it with the G418 
drug resistance marker through homologous recombination. 

10 Homologous recombination was driven by regions of homology 

which flank the constant region (see Figure 5) . 

A genomic library from 129/Ola mouse fetal liver DNA 
(Stratagene) cloned into lambda phage was screened for 
the presence of the mouse gene with a 1.6 kb Hpal/BamHI 

15 fragment (Steinmetz and Zachau (1980) Nucleic Acids 

Research 8:1693-1706) that spans the mouse kappa constant 
region. • A lambda phage clone which hybridized to this 
probe was identified, then purified and used as a source 
of c,, DNA. Analysis of the phage DNA showed that the kappa 

20 constant region probe hybridized to a 5.6 kb Sphl/BamHI 

fragment. This fragment contained the kappa J region 
genes , an intronic enhancer element and the kappa constant 
region. It was then isolated and subcloned into the SphI 
and BamHI sites of the plasmid pUC218 to give the plasmid 

25 pUC2 18 / 5 . 6kappa . 

In order to construct the deletion vector, fragments 
containing the 5' region of the kappa constant region, 
a thymidine kinase gene for negative selection, a neomycin 
resistance gene and a 3' region of homology to the kappa 

30 constant region were ligated together (see Figure 6) . 

A 4.0 kb Sphl/Bsu361 fragment from the plasmid 
pUC218/5. 6kappa was subcloned into the SphI and Bsu361 
sites of the vector pSK.A to give the plasmid pSK.A/5'K- 
The vector pSK.A is a modification of pBluescript SK- 

35 which has a synthetic poly linker: 

5* GCATATGCCTGAGGTAACKrATGCCGTACCr.AATTCTATAAGCrTGCGGCCGCAGCr 
CATGCGTATACCWACTCCATTCtrrACGCCATOOrTTAAGATATrCGAACGCCGGCC 3* 
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inserted between the pBluescript Kpnl and Sad sites. 

A 2-7 kb EcoRI/Hindlll fragment containing the herpes 
thymidine kinase (TK) gene driven by the mouse 
phosphoglycerate kinase gene (PGK) promoter from the 
5 plasmid pKJtk (Tybulewicz, et al- (1991) Cell 65:1153- 

1163) was inserted into the EcoRI and NotI sites of 
pSK.A/5'K by using a Hindlll/NotI adapter with the 
sequence : 

5 ' AGCTGGAACCCCTTGCCCTTGGGGAACGCCGG 3 ' . 

10 

In the resulting plasmid, pSK. A/5'K/TK, the 5' end of the 
TK gene and the kappa constant region gene are adjacent 
to each other, in opposite transcriptional orientations. 
A 1.1 kb XhoI/BamHI fragment from pMClNeo, which 
15 contains the mammalian drug selectable marker for 

resistance to neomycin, was cloned into the Xhol and BamHI 
sites of the plasmid pSK.B to give the plasmid pSK.B/Neo. 
The vector pSK.B is a modification of pBluescript SK- 
which has a synthetic poly linker: 

20 

S' CAGCrCGGATCCTATCrcCWGGAATlCTATAAGCrrcATATCTrACCr 
CATCCTCmGCCTAGGATAGACXnrcrTAAGATATTCGAAGTATACA 3' 

inserted between the pBluescript Kpnl and Sad sites. 
25 A 1.1 kb Bglll/BamHI fragment from pUC218/5. 6kappa, 

which contains homology to the 3' end of the kappa region, 
was cloned into BamHI digested, alkaline phosphatase 
treated pSK.C vector. The vector pSK.C is a modification 
of pBluescript SK- which has a synthetic polylinker: 

30 

5* AAGCnrTATAOAATTCGGTACCTGGATCCTGACKn'CATAGCGGCCGC^ 
CATGTrCGAATATCTTAAGCCATCK3ACCrAGGACrCGACTATCGCCGCKX3 3' 

inserted between the pBluescript Kpnl and Sad sites. 
35 The resulting plasmid, pSK.C/3'K is oriented such that 

transcription proceeds from the Sad site in the plasmid 

polylinker in the direction of the Kpnl site. 

The final targeting plasmid was constructed with a 

three part ligation, using (A) 6.1 kb Notl/Ndel fragment 
40 from pSK. A/5'K/TK, (B) 1.2 kb Ndel/SacI fragment from 

pSK.B/Neo and (C) 4.0 kb SacI/NotI fragment from pSK. C/3 ' K 

ligated to make the plasmid pK.TK/neo. 
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B- Electroporation of kappa deletion vector into ES cells 
Purified plasmid DNA from pK;TK/Neo was cut with 
Pvul, extracted with phenol/chloroform and ethanol 
precipitated. The DNA was resuspended after precipitation 
5 at a concentration of 1 mg/ml in 10 mM Tris-HCl, 1 inM 

EDTA. 

The embryonic stem cell line E14-1, a subclone of 
E14 (Hooper, et al, (1987) Nature 326:292-295) was 
cultured in DMEM 4.5 g/1 glucose (J.R.H. Biosciences) 

10 supplemented with 15% heat inactivated fetal calf serum, 

recombinant murine leukemia inhibitory factor (ESGRO from 
Gibco BRL, 1000 U/ml) , 0.1 mM )ff-mercaptoethanol, 2 mM 
glutamine and 100 U/ml penicillin at 37** C in 5% CO2* 

The cells were cultured on mitomyc in-treated primary 

15 embryonic fibroblast feeder layers essentially as 

described (Koller and Smithies (1989) supra). The 
embryonic fibroblasts were prepared from day 14 embryos 
carrying the homozygous targeted mutation of )82- 
microglobulin (Koller and Smithies (1990) Science 

20 248:1227-1230) . These feeder cells are capable of growth 

in media containing G418. 

At 80% confluency, the ES cells were prepared for 
electroporation by trypsinization, concentration by brief 
centrifugation and resuspension in HEPES-buf f ered saline 

25 at 2 X 10^ cells/ml. The cells are equilibrated at room 

temperature, and linearized targeting vector DNA (20 /xg) 
added. The mixture was electroporated at 960 and 250 
V with a BioRad Gene Pulser. The cells were left to stand 
at room temperature for 10 minutes before plating onto 

30 4 X 10 cm dishes of mi tomyc in-treated fibroblast feeders 

(3 X 10* feeder cells/plate). After incubation at 37** C 
for 48 hours, the cells were fed media containing 150 
fig/ml G418 to select for neomycin resistance. After" a 
further 48 hours the cells were fed media containing 150 

35 Mg/ml G418 and 2 /xM gancyclovir (Syntex) to select for 

loss of the thymidine kinase gene. 
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C. Analysis of targeted ES cells 

After ten days of drug selection with both G418 and 
gancyclovir, the individual surviving colonies were picked 
and dissociated with a drop of trypsin in a 96 well plate, 
5 then incubated at 37** for 2 minutes. The cells from each 

colony were transferred into a well of a 24-well plate 
containing mitomycin C-treated feeder cells and selective 
media with G418, but not gancyclovir. After an additional 
5-8 days, 20% of the cells in each well were frozen, and 

10 the remainder used to prepare genomic DNA- The cells were 

lysed with 0.4 ml of 10 mM Tris-HCl (pH 7.5) , 100 mM NaCl, 
10 mM EDTA, 1% SDS and proteinase K (1 mg/ml) by overnight 
incubation at 50° C. The DNA was purified by phenol 
extraction and ethanol precipitation, then washed with 

15 70% ethanol and resuspended in 20 /xl of 10 mM Tris-HCl, 

1 mM EDTA. 

Southern analysis was carried out using Bglll 
digested genomic DNA from each sample. An about 1.2 kb 
BamHI/Bglll fragment which contains the region contiguous 

20 with the 3 ' homology fragment in the targeting vector was 

used as a probe. The native ES cell locus gave an about 
2.3 kb fragment, while the targeted ES cell locus gave 
an about 5.7 kb fragment. The increase in size is due 
to the loss of a Bglll site during the construction of 

25 the deletion vector. 

A Southern analysis of 166 clones showed two cell 
lines which had the intended mutation. These clones were 
further analyzed by reprobing the filters with an about 
1.1 kb fragment which spans the neo gene. As expected, 

30 the probe only hybridized to the targeted allele. 

Further analysis of the genomic DNA from the two 
positive clones, 1L2-850 and 1L2-972, after being thawed 
and expanded, reconfirmed the initial observations. A 
third probe, an about 1.7 kb Hindlll/Bglll fragment 

35 spanning the kappa J region locus, was used to check for 

the correct integration pattern from the 5' end of the 
targeting vector. Using this probe with EcoRI digested 
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genomic DNA, an about 15 kb fragment is detected in the 
native allele, and an about 5 kb fragment from the 
targeted locus. The additional EcoRI site is introduced 
by the neo gene during homologous recombination targeting 
5 (see Figure 7) . 

D> Generation of germline chimeras 

The unmodified E14-1 cells have been found to 
contribute to the germline at a high frequency after 

10 injection into C57BL/6J blastocysts. To generate germline 

chimeras containing the targeted kappa region, the 
targeted cell lines 1L2-850 and 1L2-972 were grown on 
primary feeder cells, then trypsinized and resuspended 
in injection medium, which consists of DMEM supplemented 

15 with 15% fetal calf serum, 20 mM HEPES (pH 7.3), 

antibiotics and j3-mercaptoethanol. The ES cells were 
injected into each blastocyst, and the injected 
blastocysts then transferred to one uterine horn of a 
pseudopregnant female mouse. Chimeric pups were 

20 identified by chimeric coat color. Chimeric males were 

bred to C57BL/6J females, and germline transmission of 
the 129/Ola derived ES cells was detected by agouti coat 
color of the offspring. 

One chimeric male from cell line 1L2-972 (about 40% 

25 ES cell derived as judged by its coat color) , upon mating 

with C57B1/6J females yielded germline transmission at 
a frequency of 25% as determined by the percent of agouti 
offspring. Chimeric males, about 40%, 70% and 90% 
chimeric, from cell line 1L2-850 yielded germline 

30 transmission at a frequencies of 90%, 63% and 33%, 

respectively. Among the agouti offspring generated from 
the 70% chimeric male from 1L2-850, eight Fl animals out 
of 12 tested were found to be heterozygous at the kappa 
locus for the targeted C^ mutation by Southern analysis 

35 (a Bgl II digest using the 1.2 kb Bam HI/Bgl II fragment 

described above as a probe) using genomic DNA derived from 
tail samples. Further breeding of a male and female from 
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this group of 8 Fl animals, both heterozygous for the 
mutation, yielded one male offspring found to be 
homozygous for this mutation as confirmed by Southern 
analysis. 

5 

E. Analysis of B cells obtained from mice targeted at 
the kappa locus 

If the kappa (k) light chain locus is inactivated 
because of deletion of the light chain constant region 

10 {Cic) , the joining region (J^c ) , or both Cx and Jk, then a 

complete block in the development of ic-expressing B cells 
should result* Mouse embryonic stem cells containing a 
single copy of the complete Ck deletion (ACk) were 
introduced into mouse blastocysts as described above to 

15 produce chimeric mice. These chimeric mice were then bred 

with wild-type C57BL/6 (36) mice, and the Fl progeny were 
assayed for the presence of the ACk mutation by Southern 
blotting of tail DNA. Fl mice that carried the ACk 
mutation were bred and F2 offspring were assayed similarly 

20 for ACk. One of 5 F2 offspring was shown to carry a 

homozygous Ck deletion, and another was heterozygous, 
bearing both ACk and a wild-type Ck allele. The 3 other 
offspring were wild-type. The presence or absence of k- 
positive B cells was assayed by flow cytometric analysis 

25 of peripheral blood B cells stained with fluorescent 

antibodies that react with a pan-B cell marker (B220) or 
with the K light chain. For the homozygous ACk F2 mouse 
no K-positive B cells were detected, and in the 
heterozygote, there was a reduction in the frequency of 

30 K positive B cells, consistent with the presence of a 

wild-type allele and a non-functional ACk allele. These 
results demonstrate that deletion of Ck from the 
chromosome prevents k expression by mouse B cells* 

35 

EXAMPLE IV 
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Inactivation of the mouse immunoglobulin kappa light chain 
J and constant region 

5 A. Design of the targeting experiment 

The targeting vector was designed as a replacement 
type vector initially to delete the constant region as 
well as the J region of the kappa locus and replace it 

10 with three elements through homologous recombination using 

regions of homology flanking the constant region (Figure 
8) . A diphtheria toxin gene (A chain) flanking either 
or both regions of homology was included in some cases 
as a negative selectable marker. The three elements 

15 consisted of the G418 resistance drug marker, an 

additional DNA homology (ADH) sequence of mouse DNA 
homologous to a region of the kappa locus located upstream 
of the J region, and a thymidine kinase gene. As a result 
of the inclusion of the ADH sequence in the vector, this 

20 initial targeting placed a second copy of the ADH in the 

locus* This duplication was then used to effect a defined 
deletion of the sequences between the segments by applying 
selective pressiire. In this case the cell deletes the 
thymidine kinase gene that lies between the two segments 

25 in order to survive gancyclovir selection. 

B. Construction of the targeting vector 

The regions of homology were derived from a 129 mouse 
fetal liver genomic library (Stratagene) which was 

30 screened using two probes, as described above in Example 

III. This subclone contained the J region, an intronic 
enhancer element and the constant region of the kappa 
light chain locus. The second probe was a 0.8 kb EcoRI 
fragment (Van Ness et al. (1981), Cell 27:593-602) that 

35 lies 2.8 kb upstream of the J region = Phage DNA from a 

lambda clone positive for this probe showed that the probe 
hybridized to a 5.5 kb Sad fragment which was subcloned 
into the Sad site of pBluescript SK" (Stratagene) to give 
the plasmid pSK.S'kappa (Figure 8). 
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The inactivation vectors which contained a 5' region 
of homology, a thymidine kinase gene, a ADH, a neomycin 
resistance gene and a 3' region of homology (Figure 9) 
flanked in some instances by diphtheria toxin genes were 
5 constructed from three plasmids (Figure 8) containing: 

(a) the 5' fragment of homology with or without the 
diphtheria toxin gene (DT) driven by the mouse 
phosphoglycerate kinase gene (PGK) promoter as a negative 
selectable marker, (b) the herpes thymidine kinase gene 

10 (tk) driven by the mouse phosphoglycerate kinase gene 

(PGK) promoter as a negative selectable marker along with 
the DSH and the G418 selectable neomycin (neo) gene from 
pMClNeo (Thomas and Capecchi (1987) , Cell 51: 503-12) , and 
(c) the 3' fragment of homology with or without the PGK 

15 driven DT gene. These three plasmids (Figure 8) were 

constructed from pSK.A, pSK.B, and pSK.C, respectively, 
all derived from the plasmid pBluescript SK" by 
modification of the poly linker. 

The poly linker of the plasmid pBluescript SK" was 

20 modified by cloning between the Kpnl and Sad sites a 

synthetic polylinker defined by the oligonucleotides 5'- 
GCATATGCCTGAGGGTAAGCATGCGGTACCGAATTCTA 
TAAGCTTGCGGCCGCAGCT- 3 ' AND 5 ' -GCGGCCGCAAGCTTATAGAATTC 
GGTACCGCATGCTTACCTCAGGCATATGCGTAC-3 ' to create the plasmid 

25 pSK.A, 5'- GAGCTCGGATCCTATCTCGAGGAATTCTATAAGCTTCATATGT 

AGCT- 3 ' and 5 ' -ACATATGAAGCTTATAGAATTCCTCGAGATAGGATCCHA 
GCTCGTAC-3' to create plasmid pSK.8, 5'- 
AAGCTTATAGAATTCGGTACC TGGATCCTGAGCTCATAGCGGCCGCAGCT- 3 ' 
to create plasmid psK.B and 5'- 

30 GCGGCCGCTATGAGCTCAGGATCCAGGTACCGAATTCTATAAGCTTG TAG- 3 ' 

to create the plasmid pSK.C. 

A diphtheria toxin gene cassette was created in which 
the gene was flanked by the PGK promoter and the bovine 
growth hormone polyadenylation signal (Woychik et al. 

35 (1984), Proc. Natl> Acad. Sci. U.S.A . 81:3944-3948; Pfarr 

et al. (1986), DNA 5:115-122). A 2.3 kb Xbal/EcoRI 
fragment from pTH-1 (Maxwell et al. (1986), Cancer Res. 
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46:4660-4664) containing the diphtheria toxin A chain 
driven by the himan metallothionein (hMTII) promoter was 
cloned into pBluescript SK' cut with Xbal and EcoRI to give 
the plasmid pSK.DT. The hMTII promoter of pSK.DT was 
5 replaced with the PGK promoter from pKJl (Tybulewicz et 

al. (1991), Cell 65:1153-1163). A 0.5 kb Xbal/PstI 
fragment from pKJl was joined to a 3.1 kb Xbal/Ncol 
fragment from pSK.DT using a Pstl/Ncol adapter formed from 
the oligonucleotides 5'-GGGAAGCCGCCGC-3 ' and 5'-CATGGC 

10 GGCGGCTTCCCTGCA-3 ' to give. the plasmid pSK.pqkDT. A 248 

bp fragment containing the bovine growth hormone 
polyadenylation signal, obtained by PGR amplification of 
bovine genomic DNA using the oligonucleotide primers 5'- 
CAGGATCCAGCTGTGCCTTCTAGTTG-3 ' and 5 ' -CTGAGCTCTAGACCCATA 

15 GAGCCCACCGCA-3' , was cloned into pCRlOOO (Invitron Corp. , 

San Diego, CA) . The polyadenylation sequence was then 
cloned behind the DT gene as a Hindlll/PvuII fragment into 
pSK.pgkDT cut with Hindlll and Hpal to give the plasmid 
pSK.pgkDTbovGH. The DT gene cassette from pSK.pgkDTbovGH 

20 was moved as a 2.1 kb EcoRI/Hindlll fragment into pSK.A 

cut with EcoRI and NotI using a Hindlll/NotI adapter 
formed from the oligonucleotides 5'-AGCTGGAACCCCTTGC-3 ' 
and 5'-GGCCGCAAGGGGTTCC-3' to give the plasmid pSK.A/DT. 
Between the SphI and Bsu36I sites of both pSK.A and 

25 pSK.A/DT the 5' region . of homology for the kappa locus 

was cloned. For this purpose a 4.0 kb Sphl/Bsu36i 
fragment resulting from a partial Bsu36I digest followed 
by a complete SphI digest of plasmid subclone 
pUC218/5.6kappa was ligated to pSK.A or pSK.A/DT to give 

30 the plasmids pSK.A/5'K and pSK. A/DT/5'K, respectively. 

In the plasmid, pSK. A/DT/5 'K, the 5'-end of the DT gene 
and kappa fragment were adjacent to each other running 
in the opposite transcriptional orientations. 

The PGKtk gene from the plasmid pKJtk (Tybulewicz 

35 et al. (1991), Cell j65: 1153^1163) was cloned as a 2.7 kb 

EcoRI/Hindlll between the unique EcoRI and Hindlll sites 
of pSK.B to give pSK.B/TK. A 0.8 kb EcoRI fragment used 
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for the ADH was cloned from pSK.S'kappa and was ligated 
into the EcoRI site of pSK.B/TK to give pSK.B/ (TK/0. 8K) 
such that the 5 '-end of the tk gene and kappa fragment 
were adjacent to each other running in opposite 
5 transcriptional orientations. The 1.1 kb neo gene from 

pMClNeo was cloned as an XhoI/BamHI fragment between the 
same sites of pSK.B/ (TK/0.8K) to give pSK.B/ {TK/0.8K/Neo) . 
The plasmid pSK.C/3'K containing the 3' fragment of 
homology was constructed by ligating pSK.C digested with 

10 BamHI and treated with alkaline phosphatase to the 1.1 

kb Bglll/BamHI fragment isolated from pUC218/5. Skappa. 
In pSK.C/3'K, the kappa fragment was oriented such that 
transcription proceeded from the Sad in the plasmid 
polylinker in the direction of the Kpnl site. The 2.1 

15 kb DT cassette from pSK.pgkDTbovGH was cloned as an 

EcoRI/Hindlll fragment into the same sites of pSK.C to 
give pSK.C/3'K/DT. 

Three-part ligations were carried out to construct 
the final targeting plasmids (Figure 9). The 4.0 kb 

20 Notl/Ndel fragment from pSK.A/5'K, the 4.8 kb Ndel/SacI 

fragment from pSK.B/ (TK/0.8K/Neo) (obtained by a Sad 
partial followed by and Ndel digestion of the plasmid) , 
and the 4.0 kb SacI/NotI fragment from pSK.C/3'K were 
isolated and ligated together to create pK. (TK/0.8K/Neo) . 

25 The 6.1 kb Notl/Ndel fragment from pSk.A/DT/5'K, the 4.8 

kb Ndel/SacI fragment from pSK.B/ (TK/0.8K/Neo) , and 4.0 
kb SacI/NotI fragment from pSK.C/3'K were isolated and 
ligated together to create pK.DT/ (TK/0. 8K/Neo) . The 6.1 
kb Notl/Ndel fragment from pSK. A/DT/5'K, the 4.8 kb 

30 Ndel/SacI fragment from pSK.B/ (TK/0. 8K/Neo) , and 6.1 kb 

SacI/NotI fragment from pSK.C/3'K/DT (obtained by a Sad 
partial followed by a NotI digestion of the plasmid) were 
isolated and ligate together to create pK.DT/ 
(TK/0.8K/Neo) /DT. For electroporation, the purified 

35 plasmid DNAs were first cut with Pvul or ApaLI, then 

extracted with phenol/chloroform and precipitated by the 
addition of ethanol before centrifugation. The resultant 



50 



* 




^^4 



4,. if" 



■■«!■■■ "■ 



wo 94/02602 



PCr/US93/06926 



DNA pellets were resuspended at a concentration of l mg/ml 
in 10 nM Tris-HCl, 1 mM EDTA(TE) . 

C. Introduction of DNA into cells 

5 The embryonic stem cell line E14-1 was cultured as 

described above in Example III. The cells were 
equilibrated at room temperature, and DNA (20 /xg) 
linearized with Pvul (as described above) was added. The 
mixture was electr operated as described above in Example 
10 III- 

D. Analysis of constant region- targeted ES cells 

After 7-10 days under drug selection with G418, the 
individual surviving colonies were each picked and 
15 dissociated in a drop of trypsin as described above in 

Example III. 

Southern analysis was carried out using Bglll 
digested genomic DNA from each sample. A 2.3 kb fragment 
was detected from the native ES cell locus , while a larger 

20 4 . 9 kb fragment was detected from a targeted ES cell locus 

(Figxire 11), using as a probe the 1.2 kb BamHI/Bglll 
fragment isolated from the original phage DNA contiguous 
with the fragment used for the 3' homology in the 
targeting vector. The fragment increased in size because 

25 the Bglll site in the Bglll/BamHI fragment was lost in 

the targeting plasmid due to the joining of a Bglll site 
to a BamHI site in the ligation, and a new Bglll site 
located in the thymidine kinase gene is introduced into 
the targeted locus. 

30 From a screen by the Southern analysis described 

above, of a total of 103 clones derived from experiments 
using three different targeting plasmids, 5 cell lines 
were identified which carried the intended mutation (Table 

35 

Table 1 

Ck Light Chain Targeting Result in E14-1 
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pK.0rKA).8K/Nco) 


44 


2 


625,691 


1/22 


pK.DT(TK/0.8/Neo) 


42 


2 


604,611 


1/21 


pK.OT(TK/0.8K/Nco)DT 


17 


1 


653 


1/17 



Further analysis of genomic DNA produced from 4 of 
10 the positive clones (clones 625, 604, 611 and 653) after 

being thawed and expanded, re-confirmed the initial 
observations. Using a second probe, a D.7 kb 
Hindlll/Bglll fragment which spanned the J region of the 
kappa locus, the correct integration pattern was checked 
15 for homologous targeting at the 5' end of the targeting 

vector. Thus, using this probe with an EcoRI digest of 
the genomic DNA, a 15 kb fragment was detected from the 
unmodified allele. In contrast, a 7.8 kb fragment from 
the targeted allele was observed as a result of the 
20 introduction of a new EcoRI site in the thymidine kinase 

gene during the homologous integration (Figure 11) . 

E. In vitro excision of J region DNA from targeted clones 

In order to effect the desired deletion from the 
25 homologously targeted kappa locus, cells from clone 653 

were plated on feeder cells at a density of 0.5-1 x 10* 
cells/ 10 cm dish in the presence of both gancyclovir (2 
/iM) and G418 (150 /ig/ml) . After growth for 5 days in the 
presence of both drugs, clones were picked as described 
30 above into 24-well plates and grown under G418 selection 

alone. After an additional 5-8 days, 20% of the cells 
in each well were frozen and the remainder used to prepare 
genomic DNA as previously described . 

35 

F. Analysis of J/constant region deleted ES cells 
Southern analysis was carried out using BamHI digested 

genomic DNA from each sample. Using as a probe the 0.8 
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kb EcoRI fragment used as the ADH in the targeting 
vectors, as 12.7 kb fragment was detected from the native 
ES cell locus, while a larger 15 • 8 kb fragment was 
detected from the constant region-targeted ES cell locus 
5 (Figure 11) using DNA from clone 653. The fragment 

increased in size because of the insertion of the tk gene, 
the ADH, and the neo gene into the 12.7 kb BamHI fragment. 
There was also a new BamHI site introduced at the 3' end 
of the neo gene. Using DNA from the J/constant region 

10 deleted cells, a 5.5 kb fragment was detected from the. 

modified locus in addition to the 12.7 kb fragment from 
the untargeted allele as predicted from analysis of the 
restriction map. From this screen by Southern analysis 
of 2 clones produced from 1.5 x 10* ES cells plated (clone 

15 653), one cell line (clone 653B) was identified which 

carried the intended deletion of the J and constant 
regions . 

Further analysis of genomic DNA produced from clone 
653B after being thawed and expanded re-confirmed the 

20 initial observations. Using the 0.8 kb EcoRI fragment, 

the deletion was checked with two other restriction 
digests which should cut outside of the excised region 
on the 5' and 3' ends of the targeting vector. Thus using 
this probe with a Bglll digest of the genomic DNA from 

25 the unexcised clone 653, a 2.6 kb fragment was detected 

from both the unmodified and modified alleles, whereas 
an additional 4.9 kb fragment was observed from the 
targeted allele only (Figure 11). This 4.9 kb fragment 
was the same as that detected with the 1.2 kb BamHI/Bglll 

30 fragment used previously. Using DNA from clone 653B, a 

Bglll digest revealed a 5.8 kb fragment in addition to 
the 2.6 kb fragment from the unmodified allele. A Sad 
digest of clone 653 DNA probed with the 0.8 kb EcoRI 
fragment showed a 5.5 kb fragment from both the unmodified 

35 and modified alleles and a 3.1 kb fragment from the 

targeted allele only (Figure 11). The 5.5 kb fragment 
was also detected in DNA from clone 653B and an additional 



53 



4 







wo 94/02602 PCr/US93/06926 

2.0 kb fragment. The 5.8 kb Bglll fragment and the 2.0 
kb Seal fragment were consistent with an analysis of the 
predicted restriction map for a precise excision step in 
which 10.3 kb of DNA were deleted including the J region, 
5 the tk gene, and one copy of the ADH. 



G. Generation of Germline Chimeras 

The unmodified E14-1 cells contributed to the 
germline at a high frequency after injection into C57BL/6J 
blastocysts. The cells from the targeted ES cell line 
691, in which only the kappa constant region has been 
deleted by homologous recombination without any negative 
selection, were microinjected and chimeric animals were 
produced as described above in Example III. Cells from 
the targeted ES cell line 653B in which both the kappa 
constant and J regions were deleted are also microinjected 
and chimeric animals are produced as described above. 
Chimeric pups p|§ identified by chimeric coat color. 
Germline transmission of the modified ES cell Hi detected 
by the agouti coat color of the Fl offspring. 

EXAMPLE V 

Cloning of Human Heavy Chain Locus using Yeast Artificial 
Chromosomes 
25 

A. Production of Yeast Artificial Chromosome (YAC) 
containing human heavy chain 

An Spel fragment, spanning the human heavy chain VH6- 
D-J--CM-C5 region (Herman et al. (1988) , EMBO J. 7: 727- 

30 738; see Figure 15) is isolated from a human YAC library 

(Burke, et al . , Science , 236 : 806-812) using DNA probes 
described by Herman et al. (1988) EMBO J. 7:727-738. One 
clone is obtained which is estimated to be about 100 kb. 
The isolated YAC clone is characterized by pulsed-field 

35 gel electrophoresis (Burke et al. , supra; Brownstein et 

al. , Science , 244 : 1348-1351) , using radiolabelled probes 
for the human heavy chain (Berman et al. , supra) . 
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B. Introduction of YAC clones into embryos or ES Cells 
High molecular weight DNA is prepared in agarose 
plugs from yeast cells containing the YAC of interest 
(i.e., a YAC containing the aforementioned Spel fragment 
5 from the IgH locus) . The DNA is size-fractionated on a 

CHEF gel apparatus and the YAC band is cut out of the low 
melting point agarose gel. The gel fragment is 
equilibrated with polyamines and then melted and treated 
with agarase to digest the agarose. The polyamine-coated 

10 DNA is then injected into the male pronucleus of 

fertilized mouse embryos which are then surgically 
introduced into the uterus of a psueudopregnant female 
as described above. The transgenic nature of the newborns 
is analyzed by a slot-blot of DNA isolated from tails and 

15 the production of human heavy chain is analyzed by 

obtaining a small amount of serum and testing it for the 
presence of Ig chains with rabbit anti-human antibodies. 

As an alternative to microinjection, YAC DNA is 
transferred into murine ES cells by ES cell: yeast 

20 protoplast fusion (Traver et al, , (1989) Proc. Natl. Acad. 

Sci. . USA, 86:5898-5902; Pachnis et al. , (1990), ibid 87: 
5109-5113). First, the neomycin-resistance gene from 
pMClNeo or HPRT or other mammalian selectable marker and 
a yeast selectable marker are inserted into nonessential 

25 YAC vector sequences in a plasmid. This construct is used 

to transform a yeast strain containing the IgH YAC, and 
pMClNeo (or other selectable marker) is integrated into 
vector sequences of the IgH YAC by homologous 
recombination. The modified YAC is then transferred into 

30 an ES cell by protoplast fusion (Traver et al. (1989) ; 

Pachnis et al. , 1990) , and resulting G4 18 -resistant ES 
cells (or exhibiting another selectable phenotype) which 
contain the intact human IgH sequences are used to 
generate chimeric mice. Alternatively, a purified YAC is 

35 transfected, for example by lipofection or calcium 

phosphate-mediated DNA transfer, into ES cells. 
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EXAMPLE VI 

Introduction of Human la Genes into Mice 

A, Cloning of Human la Genes in Yeast 
5 1, Identification and characterization of a human laH 

YAC clone containing VH, D, JH. mu and delta sequences; 

PGR primers for the human VH6 gene (V6A= 5' GCA GAG 
CCT GCT GAA TTC TGG CTG 3' and V6B= 5' GTA ATA CAC AGC 
CGT GTC CTG G 3 ' ) were used to screen DNA pools from the 

10 Washington University hviman YAC library (Washington 

University, St. Louis, MO) . Positive pools were 
subsequently screened by colony hybridization and one 
positive microtiter plate well, A287-C10, was identified. 
Two different sized (205 kb and 215 kb) VH6-containing 

15 YACs were isolated from the microtiter well. In addition 

to VH6, the smaller of the two IgH YACs , A287-C10 (205 
}cb) , hybridized to probes for the following sequences: 
delta, mu, JH, D, VHl, VH2, and VH4. The larger of the 
two IgH YACs, A287-C10 (215 kb) , hybridized to the 

20 following probes: delta, JH, D, VHl, VH2, and VH4, but 

not to mu. The YACs contained sequences from at least 
5 VH genes including two VHl genes, one VH2, one VH4 and 
one VH6 gene. Analysis of restriction digests indicated 
that the 205 kb YAC contains a deletion (about 20 kb size) 

25 that removes some, but not all of the D gene cluster, with 

the remainder of the YAC appearing to be intact and in 
germline configuration. PGR and detailed restriction 
digest analysis of the 205 kb YAC demonstrated the 
presence of several different D gene family members. The 

30 215 kb YAC appeared to contain the complete major D gene 

cluster but had a deletion (about 10 kb) that removed the 
mu gene. This deletion does not appear to affect the JH 
cluster or the enhancer located between JH and mu genes. 
The putative progenitor of the above two related IgH 

35 YACs, a YAC of about 225-230 kb containing the entire 

genomic region between the VH2 gene and the delta gene 
(Shin et al., 1991, supra ) (see Figure 15), had not been 
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identified in the A287-C10 microtiter well. Hence, an 
earlier aliquot of the A287-C10 microtiter plate well was 
examined in order to search for the progenitor YAC under 
the assumption that it was lost during passaging of the 
5 library. The A287-C10 microtiter well was streaked out 

(Washington University, St- Louis, MO) , and 2 of 10 clones 
analyzed contained a 230 kb IgH YAC with another 
apparently unrelated YAC. Clone 1 contained in addition 
the IgH YAC, an approximately 220 kb YAC and clone 3 in 

10 addition contained an approximately 400 kb YAC. The IgH 

YAC contained mu, the complete D profile (based on a BamHI 
digest, see below) and JH. The IgH YAC from clone 1 was 
physically separated from the unrelated YAC by meiotic 
segregation in a cross between A287-C10/AB1380 and YPH857 

15 (genotype = MATa ade2 lvs2 ura3 trpl HISS CANl his3 leu2 

cyh2, to yield A287-C10 (230 kb) /MP 313 (host genotype 
= MATa ade2 leu2 lvs2 his3 ura3 trpl canl c^h2) . 

2. Targeting of the A287-C10 kb YAC with a mammalian 

20 selectable marker, HPRT: 

A YAC right arm targeting vector called pLUTO (15.6 
kb) was generated by subcloning a human HPRT minigene 
contained on a 6.1 kb BamHI fragment (Reid et al. , Proc. 
Natl. Acad. Sci. USA 87:4299-4303 (1990)) into the BamHI 

25 site in the polylinker of pLUS (Hermanson et al. , Nucleic 

Acids Research 19:4943-4938 (1991)) . A culture of A287- 
C10/AB1380 containing both the 23 0 kb IgH YAC and an 
unrelated YAC was transformed with linearized pLUTO and 
Lys+ transformants were selected. The Lys+ clones were 

30 screened by colony hybridization for the presence of mu. 

One clone was identified which contained a single YAC of 
approximately 245 kb which hybridized to probes for mu, 
HPRT and LYS2 . 

Southern analysis of the 230 kb A287-C10 YAC targeted 

35 with pLUTO was carried out using a variety of probes to 

demonstrate the intact, unrearranged nature of the cloned, 
human IgH sequences. In most cases, the results of BamHI, 
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Hindlll and EcoRI digests were compared to restriction 
data for WI38 (a human embryonic fetal lung-derived cell 
line) , the 205 kb and 215 kb deletion-derivatives of A287- 
ClO and to published values. The diversity (D) gene 
5 profile determined by hybridization with a D region probe 

(0.45 NcoI/PstI fragment; Berman et al., 1988) 
demonstrated the expected four D gene segments (D1-D4 
(Siebenlist et al., 1981; Nature 294:631-635), For 
example, with BamHI, four restriction fragments, 3.8 kb, 

ID 4.5 kb, 6-9 kb and 7.8 kb, were obseirved in A287-C10 and 

WI38, WI38 had one additional larger band, presumed to 
originate from the chromosome 16 D5 region (Matsuda et 
al., 1988, EMBO 7; 1047-1051) . PGR and Southern analysis 
with D family-specific primers and probes demonstrated 

15 in the 215 kb deletion-derivative YAC (which appeared to 

have an intact D region with the same restriction pattern 
as the 230 kb YAC) the presence of 2 to 4 members of each 
of the following D gene families: DM, DN, DK, DA, DXP and 
DLR. The J-mu intronic enhancer, which was sequenced from 

20 cloned PGR products from the A287-G10 230 kb YAG (primers 

EnA = 5' TTG CGG CGC GGA TGC GGG ACT GC 3' and EnBl = 5' 
CGT CTC CCT AAG AGT 3') and determined to be intact, also 
generated single restriction fragments of approximately 
the predicted sizes with BamHI, EcoRI and Hindlll when 

25 probed with the 480 bp PGR product. The JH region was 

evaluated with an approximately 6 kb BamHI/Hindlll 
fragment probe spanning DHQ52 and the entire JH region 
(Ravetch et al., 1981, Cell 27:583-591). A287-C10 
generated restriction fragments of approximately the 

30 expected sizes. Furthermore, the same-sized restriction 

fragments were detected with the enhancer and the JH 
probes (Ravetch et al. , supra ; Shin et al. , 1991, supra ) . 
The approximately 18 kb BamHI JH fragment detected in 
A287-C10 and WI38 also hybridized to a 0.9 kb mu probe 

35 sequence (Ravetch et al. , supra ) . Hybridization with the 

0.9 kb EcoRI fragment mu probe (Ravetch et al., supra ) 
showed restriction fragments of approximately the expected 
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sizes (Ravetch et al., supra ; Shin et al., supra) : > 12 
kb BamHI (approximately 17 kb expected) ; 0.9 kb EcoRI (0.9 
kb expected) and approximately 12 kb Hindlll 
(approximately 11 kb expected) . WI38 gave the same-sized 
5 BamHI fragment as A287-C10, The JH and DHQ52 regions were 

sequenced from both of the deletion derivative YACs and 
both were in germline configuration. Delta was analyzed 
with an exon 1 PGR product (containing the approximately 
160 bp region between primers D1B= 5' CAA AGG ATA ACA GCC 

10 CTG 3' and DID = 5' AGO TGG CTG CTT GTC ATG 3'); 

restriction fragments for A287-C10 were close to those 
expected from the literature (Shin et al., supra ) and to 
those determined for WI38. The 3' cloning site of the 
YAC may be the first EcoRI site 3' of delta (Shin et al., 

15 supra ) or another EcoRI site further 3'. VH gene probes 

for VHl, VH4 and VH6 (Berman et al., supra ) , and for VH2 
(Takahashi et al*, 1984, Proc. Nat> Acad. Sci, USA 
81:5194-5198) were used to evaluate the variable gene 
content of the YAC. A287-C10 contains two VHl genes that 

20 approximate the predicted sizes (Shin et al., supra : 

Matsuda et al., 1993, supra ) : restriction analysis with 
the three enzymes gave close to the expected fragment 
sies; e.g. with EcoRI observed bands are 3.4 and 7.8 kb 
(expected are 3.4 and 7.2 kb) . The predicted size EcoRI 

25 fragments for VH4 (5.3 kb observed, 5.1 kb expected) and 

for VH6 (0.8 kb observed, 0.9 kb expected) (Shin et al., 
supra ; Matsuda et al., supra ) were present in A287-C10. 
The expected size EcoRI fragment was seen for VH2 (5.5 
kb observed, 5.4 kb expected), but the BamHI and Hindlll 

30 fragments were different from those predicted. Coincident 

hybridization of the BamHI and Hindlll fragments with a 
pBR322 probe suggested that the EcoRI site which is at 
the 5' end of the VH2 gene (Shin et al., supra ) is the 
5' cloning site, thus eliminating the natural 5' Hindlll 

35 site and BamHI sites. The overall size of the YAC insert 

(estimated to be approximately 220 kb) fits well with the 
predicted size for an intact, unrearranged segment 
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starting at the 5' end of the 3 '-most VH2 gene and 
extending to an EcoRI site 3' of the delta locus (Shin 
et al- , supra ) . 



5 3. Identification and characterization of laK YACs 

containing CK and VK sequences: 

Two YACs were identified in a screen of pulsed-f ield 
gel (PFG) pools from the Washington University (St. Louis, 
MO) human YAC library with a probe from the human kappa 

10 constant region (CK) gene (2.5 kb EcoRI fragment ATCC No. 

59173, Parklawn Dr. , Koclcville, MD) . The YACs, designated 
A80-C7 (170 kb) and A276-F2 (320 kb) , contain the kappa 
deleting element kde, CK, JK and the C-J intronic enhancer 
and extend 3' beyond kde. Extending 5' from JK, the YACs 

15 also contain the Bl, B2 and B3 VK genes determined by 

hybridization and/or PCR, and possibly other VK sequences. 
The A80-C7/AB1380 strain housed, in addition to the IgK 
YAC, an unrelated YAC of similar size. Therefore, meiotic 
segregation was used to separate these YACs; A80-C7 was 

20 crossed to YPH857 and a meiotic product was obtained which 

contained only the IgK YAC (MP8-2; host genotype = a ade2 
leu2 his3 his5 lys2 ura3 trpl canl cvh2 ) . The A80-C7 and 
A276-F2 YACs have been targeted with pLUTO to incorporate 
the human HPRT minigene into the YAC right vector arm. 

25 Restriction analysis of the IgK YACs A80-C7 and A276- 

F2 using a number of enzymes supports the conclusion that 
both YACs are unrearranged (i.e., in germline 
configuration) . For example, BamHI digestion followed 
by hybridization with the CK probe demonstrates the 

30 expected 13 kb restriction fragment (Klobeck et al. , Biol. 

Chem. Hoppe-Sevler 370: 1007-1012 (1989) ) . The same-sized 
band hybridizes to a JK probe (a 1.2 kb PCR product using 
primer set to amplify the JKl-5 region) , as predicted from 
the genomic map (Klobeck et al., supra ) . The B3 class 

35 IV gene (probe is a 123 bp PCR product from the B3 gene) 

gives a 4.9 kb BamHI and a 2,2 kb Bglll fragment, close 
to the published values of 4.6 kb and 2.3 kb, respectively 
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(Lorenz et al., Molec. Immunol. 25 ;479"484 (1988)). PGR 
analysis of both IgK YACs as well as human genomic DNA 
for the following kappa locus sequences revealed the 
predicted band sizes: Kde (120 bp) , CK (304 bp) , C-J 
5 intronic enhancer (455 bp), JKl-5 (1204 bp), B3 VK (123 

bp) and Bl VK pseudogene (214 bp) . Sequences used to 
design PGR primers for the CK, JK and G-J enhancer regions 
are from Whitehurst et al- , Nucl. Acids. Res. 20 ;4929-4930 
(1992) ; Kde is from Klobeck and Zachau, Nucl. Acids. Res. 
10 14:4591-4603 (1986); 53 is from Klobeck et al., Nucl. 

Acids. Res. 13:6515-6529 (19o5) ; and Bl is from Lorenz 
et al. , supra . 

B. Introduction of 680 kb vHPRT YAG into ES Cells 
15 1. Gulture of vHPRT veast strain and preparation of veast 

spheroplasts 

The. 680 kb yHPRT is a YAG containing a functional 
copy of the human hypoxanthine phosphor ibosyl transferase 
(HPRT) gene cloned from a YAG library, as described in 

20 Huxley, et al. (1991) Genomics 9:742-750. The yeast 

strain containing the yHPRT was grown in uracil and 
tryptophan deficient liquid media, as described in Huxley, 
et al. (1991) supra . 

To prepare the yeast spheroplasts, a 400 ml culture 

25 of yeast containing yHPRT was spun down and the yeast 

pellet was washed once with water and once with 1 M 
sorbitol. The yeast pellet was resuspended in SPEM (1 
M sorbitol, 10 mM sodium phosphate pH 7.5, 10 mM EDTA pH 
8.0, 30 mM )3-mercaptoethanol) at a concentration of 5 x 

30 10* yeast cells/ml. Zymolase 20T was added at a 

concentration of 150 Mg/ml of yeast cells, and the culture 
was incubated at 300G until 90% of the cells were 
spheroplasts (usually for 15-20 minutes) . The cells were 
washed twice in STG (1 M sorbitol, 10 mM Tris pH 7.5, 10 

35 mM GaGl2) and resuspended in STG at a concentration of 

2.5 X lOVml. 
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2- Culture of E14TG2a ES Cells 

HPRT-negative ES cell line E14TG2a was cultured as 
previously described, 

5 3. Fusion of ES Cells and Yeast Spheroplasts 

Exponentially growing E14TG2a ES cells growing on 
gelatin-coated dishes were trypsinized and washed three 
times with serum-free DMEM. A pellet of 2.5x10* yeast 
spheroplasts was carefully overlaid with 5x10* ES cells 

10 which were spun down onto the yeast pellet. The combined 

pellet was resuspended in 0.5 mx of either 50% 
polyethylene glycol (PEG) 1500 or 50% PEG 4000 (Boeringer 
Mannheim) containing 10 mM CaC12. After 1.5 minutes 
incubation at room temperature or at 370C, 5 ml of serum- 

15 free DMEM were added slowly, and the cells were left at 

room temperature for 30 minutes. The cells were then 
pelleted and resuspended in 10 ml of ES cell complete 
medium (as previously described) and were plated onto one 
100 mm plate coated with feeder cells. After 24 hours 

20 the medium was replaced with fresh medium. Forty-eight 

hours post-fusion, HAT (ES media containing 1x10^ M 
hypoxanthine , 4x10'^ M aminopterin, 1.6x10** thymidine) 
selection was imposed. HAT- resistant ES colonies were 
observed 7-10 days post-fusion in the plates from both 

25 the different fusion conditions used. yHPRT-ES ("ESY") 

fusion colonies were picked and plated onto feeder-coated 
wells, and expanded for further analysis. 

4. Analvsis of YAC DNA Integrated into vHPRT-ES Fusion 

30 Clones 

DNA extracted form 23 yHPRT-ES fusion colonies was 
digested with Hindlll and subjected to Southern blot 
analysis (Figure 12) using the probes: a human repetitive 
Alu sequence (A) ; pBR322-specif ic sequences for the right 

35 (B) and left (C) YAC vector arms; yeast Ty repetitive 

sequence (D) ; yeast single copy gene LYS2 (E) . The human 
HPRT probe, a 1,6 kb full length cDNA (Jolly et al. , Proc. 
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Natl. Acad> Sci. USA 80:477-481 (1983)) was used to 
confirm the presence of the hiiman HPRT gene in ESY clones. 
The Alu probe was a 300 bp BamHI fragment from the BLURS 
Alu element in pBP63A (Pavan et al., Pr oc . Nat 1 . Acad ♦ 
5 sci. USA 78:1300-1304 (1990) ) . The right and left vector 

arm probes were pBR322-derived BamHI-PvuII 1.7 and 2.7 
kb fragments, respectively, which correspond to the vector 
sequences in pYAC4 (scheme a, b (Burke et al., in: Guide 
to Yeast Genetics and Molecular Biology, Methods in 

10 Enzymology, Guthrie and Fink, eds., Acadenic Press, 

194:251-270 (1991)). The 4.5 kb fragment, detected by 
the right arm probe, spans the region between the Hindlll 
site at the telomere 5' end and the first Hindlll site 
within the human insert (scheme a) • The 3 kb and 4.1 kb 

15 fragments detected by the left end probe correspond to 

the region between the Hindlll site at the telomere end 
and the Hindlll site 5' of the yeast sequences, and the 
region spanning from the Hindlll site 3' of the centromere 
into the human insert, respectively (scheme b) . The 

20 difference in the hybridization intensity of these two 

bands relates to the difference in the amount of homology 
between these fragments and the probe. The yeast Ty 
repetitive probe (Philippsen et al., in Gene Expression 
in Yeast, Proceedings of the Alko Yeast Symposium, 

25 Helsinki, Korhola and Vaisanen, eds., Foundation for 

Biotechnical and Industrial Fermentation Research, 1:189- 
200 (1983)) was a 5.6 kb Xhol fragment isolated from Tyl- 
containing pJEF742 which could also detect the 3' Hindlll 
fragment of Ty2, due to the homology between the two 

30 elements. The LYS2 gene probe was a 1.7 BamHI fragment 

from pLUS (Hermanson et al. , Nuc. Acids. Res. 19 :4943-4948 
(1991)) . 

Hybridization with a human HPRT probe (full length 
1.6 kb cDNA probe) demonstrated that all the clones 
35 analyzed contained the same 15, 7 and 5 kb exon-containing 

fragments of the human HPRT gene as the yHPRT YAC. 
Reprobing the same blots with a human repetitive Alu 
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sequence 300 bp probe indicated that all the clones 
analyzed contained most, if not all, the Alu-containing 
fragments present in yHPRT (Figure 12 A) • These data 
indicate that in most of the clones analyzed the 680 kb 
5 human insert had not been detectably rearranged or deleted 

upon integration into the ES cell genome. Integration 
of YAC vector sequences was examined using probes specific 
for the vector arms. Rehybridization of the same blots 
with a probe for the right YAC vector arm, detecting a 

10 4.5 kb Hindlll fragment, indicated that in 10 out of 23 

of the clones analyzed, the right YAC airm up to the 
telomere was still intact and unrearranged and linked to 
the human insert (Figure 12B) thus providing further 
evidence for the integrity of the YAC in these clones. 

15 The left arm probe detected the 3 kb and 4.1 kb Hindlll 

yHPRT fragments in 18 out of the 20 clones analyzed 
(Figure 12C) , indicating a high frecpiency of left arm 
retention. 

The structural integrity of yHPRT in ESY clones was 

20 further evaluated for two clones (ESY 5-2 and 8-7) using 

pulsed-f ield gel restriction analysis. In yeast carrying 
yHPRT, five Sfi fragments of the following approximate 
sizes were defined by different probes: 315 kb (Alu, left 
arm), 145 kb (Alu, HPRT) ; 95 kb (Alu, right arm), 70 and 

25 50 kb (Alu only) . In both ES clones, the internal HPRT 

and Alu-specif ic fragments were similar in size to the 
yHPRT fragments. The end fragments detected for both 
clones were larger than those in yHPRT, as expected for 
YACs integrated within a mouse chromosome: 185 and 200 

30 kb for the right end fragment, respectively, and over 800 

kb for the left end fragment for both clones. These data, 
together with the Alu profile, provide additional evidence 
for the retention of the structural integrity of the YAC 
in these clones. These studies were complemented by 

35 fluorescence in-situ hybridization carried out on ESY 8-7 

(Figure 13 A, B) and ESY 8-6 metaphase chromosome spreads 
in which a single integration site was detected for the 
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human sequences . Photomicrographs of representative 
metaphase spreads (Figvure 13 A, B, C) or interphase nuclei 
(Figure 13D) from ESY 8-7 cells (Figure 13 A, B) 
hybridized with biotinylated hioman genomic sequences and 
5 ESY 8-6 cells (Figure 13 C, D) hybridized with 

biotinylated yeast repeated DNA sequences. The hxman 
probe was generated from human genomic placental DNA 
(Clontech, Palo Alto, CA) • The yeast probe consisted of 
a mix of DNA fragments encoding the yeast repeated 

10 elements; delta (a 1.08 kb Sau3A fragment of pdelta6 

(Gafner et al., EMBO J. 2:583-591 (1983)) and Ty (a 1.35 
kb EcoRI-Sall fragment of p29 (Hermanson et al., Nuc, 
Acids. Res. 19:4943-4948 (1991)), the rPNAs (a 4.6 kb 
Bglllk-A L90 and a 4.4 kb Bglll-B L92 fragment (Keil and 

15 Roeder, Cell 39:377-386 (1984)), and the Yi telomere 

elements (2.0 and 1.5 kb Bglll-Hindlll fragments of pl98 
(Chan and Tye, Cell 33:563-573 (1983)) . Hybridization of 
sequences on chromosome metaphase spreads with 
biotinylated probes and detection by Avidin-FITC followed 

20" by biotin-anti-Avidin and Avidin-FITC amplification was 

carried as described by Trask and Pinkel, Methods Cell 
Biol. 20:383-400 (1990), using a Zeiss Axiophot 
microscope. Chromosomes were counter stained with 
propidium iodide. The photomicrographs shown are 

25 representative of 95% of the metaphase spreads or 

interphase nuclei scanned in three independent experiments 
carried out with the human or the yeast probes. A single 
integration site was detected for the human sequences. 
The same blots were also probed with the yeast Ty 

30 repetitive element sequence to detect the presence of 

yeast genomic DNA sequences in the ESY clones (Figure 12 
D) . Whereas some of the clones were found to contain most 
of the Ty-containing fragments present in the parental 
yeast strain, some of the clones were found to have a very 

35 small fraction, if at all, of the Ty-containing fragments. 

These results indicate that in some ES clones, although 
the YAC DNA is integrated intact, little or no yeast 
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genomic DNA was integrated. To determine if the yeast 
chromosomal DNA was integrated at single or multiple sites 
within the ES cell genome, fluorescent in-situ 
hybridization was performed on ESY clone 8-6 which had 
5 a complete Ty profile. A single integration site was 

detected using a combined yeast repetitive probe (Figure 
13 C, D) , indicating that within the limits of resolution, 
all yeast DNA fragments integrated in one block • 

Using the ability of ES cells to undergo in vitro 

10 orderly differentiation, YAC stability and the effect of 

integrated DNA on the pluripotency of ES cells was 
investigated. Four ES clones, containing different 
amounts of yeast DNA (ESY 5-2, 3-6, 8-6 and 8-7) exhibited 
a differentiation pattern indistinguishable from that of 

15 unfused ES cells: formation of embryoid bodies giving rise 

to a variety of differentiated cell types (Figure 14 A) • 
Southern-blot analysis was performed on DNA extracted from 
differentiated ESY 5-2, 3-6, 8-5 and 8-6 (20 /xg) and yHPRT 
in AB1380 (40 ng) using (a) a human Alu probe; (b) yeast 

20 Ty sequences. ES clones were induced to form embryoid 

bodies by cultxiring them as aggregates in suspension for 
10-14 days as described by Martin and Evans, Cell ^:467- 
474 (1975). Following their reattachment to tissue 
culture substratum, ESY-derived embryoid bodies gave rise 

25 to differentiated cell types. YAC and yeast DNA sequences 

were stably retained by the differentiated ES clones 
during 40 days of culture in non-selective medium, 
demonstrating that the stably integrated foreign DNA did 
not impair the pluripotency of the ES cells (Figure 14 

30 B) . The differentiated cultures maintained a functional 

human HPRT gene as evidenced by their normal growth and 
differentiation when transferred to HAT-selective medium. 



5. Generation of chimeric mice from vHPRT-ES cell lines 
35 The ability of ESY cells to repopulate mice, 

including the germline, was demonstrated by microinjection 
of ES cells into mouse blastocysts and the generation of 
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chimeric mice* ESY cells were microinjected into C57BL/6J 
mouse blastocysts, and chimeric mice were generated as 
previously described. Chimeric males were mated with 
C57BL/6J females and germline transmission was determined 
5 by the presence of agouti offspring. Genomic DNA prepared 

from the tails of the chimeric mice were analyzed for the 
presence of the yHPRT DNA in the mouse genome by PGR 
analysis. The presence of the YAG left arm was analyzed 
using the two priming oligonucleotides, 5' 

10 TTCTCGGAGCACTGTG CGACC and 5' 

CTTGCGCCTTAAACCAACTTGGTACCG, which were derived, 
respectively, from the pBR322 sequences and the SUP4 gene 
within the YAC left vector arm. A 259 bp PGR product was 
obtained from the analysis of the yeast containing yHPRT 

15 and the ESY cell lines. PGR analysis of tail DNA prepared 

from 18 chimeric mice generated from ESY cell lines ESY3-1 
ESY3-6 and ESY5-2, gave rise to the expected PGR product, 
thus indicating the presence of the YAG left vector arm 
in the genome of the chimeric mice. 

20 

6. Germline transmission of vHPRT 

Chimeric males, with coat color chimerism of 30-60%, 
derived from the ESY cell lines ESY3-1 and ESY5-2 were 
set up for mating for germline transmission evaluation, 

25 i.e. to determine whether the genetic modification was 

passed via the germ cells (sperm or oocytes) to the 
progeny of the animals. Three of the chimeric ESY3-1 
derived males, 394/95-1, 394/95-2 and 411-1 transmitted 
the ES cell genome to their offspring at a frequency of 

30 20%, 30% and 30%, respectively. Southern blot analysis 

of tail DNA from the agouti pups indicated the presence 
of the yHPRT in the genome of three mice, 4-2, 4-3 and 
5-1, derived from the 394/395-2 chimera. The Alu profile 
obtained from such analysis was indistinguishable from 

35 that of the parent ES3-1 cell line {Figure 14 G) , 

demonstrating that the 680 kb human insert was transmitted 
faithfully through the mouse germline. 
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Using a hiaman HPRT-specif ic PGR assay on mRNA-derived 
cDNAs from a yHPRT-containing offspring, the expression 
of the human HPRT gene in all the tissues tested was 
detected (Figure 15 A and B) , thus demonstrating the 
5 transmitted YAC retained its function with fidelity. In 

this experiment, human HPRT mRNA was detected by reverse 
transcription (RT)-PCR in ES, ESY 3-1 and Hut 78 (human) 
cells, spleen and liver from a control mouse (C) or the 
4-3 agouti offspring (derived from the 394/95-2 chimera) 

10 and a sample containing no template DNA (indicated as 

in Figure 15A) . Reverse transcription of poly (A+) 
RNA and PGR amplification of specific cDNA seguences were 
performed using the cDNA Gycle Kit (Invitrogen) • Specific 
amplification of a 626 bp fragment from human HPRT cDNA 

15 in the presence of murine HPRT cDNA was performed as 

outlined by Huxley et al, supra > Integrity of all RNA 
samples was demonstrated by PGR amplification of cDNAs 
for the mouse 7-interferon receptor. The primers used 
to amplify a 359 bp fragment were: GTATGTGGAGCATAACCGGAG 

20 and CAGGTTTTGTCTCTAACGTGG. The human HPRT and the 7- 

interferon receptor primers were designed to eliminate 
the possibility of obtaining PGR products from genomic 
DNA contamination. PGR products were analyzed by 
electrophoresis and visualized with ethidium bromide. 

25 The size markers are 1 kb ladder (BRL) . The results of 

detection of mouse 7-interferon receptor mRNA by RT-PCR 
in the samples described above are shown in Figure 15B. 
The specific human HPRT mRNA was also detected in the 
other tissues tested (brain, kidney and heart) derived 

30 from the 4-3 mouse. Comparable steady-state levels of 

mouse and human HPRT mRNA were detected in the liver of 
yHPRT-containing progeny. These results indicate that the 
uptake of as much as 13 megabases of yeast genomic DNA 
was not detrimental to proper development, germline 

35 transmission or gene expression. 

The above results demonstrate that yeast spheroplasts 
are an effective vehicle for the delivery of a single copy 
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large molecular weight DNA fragment into ES cells and that 
such molecules are stably and functionally transmitted 
through the mouse germline. The Alu profiles, 
complemented by PFGE analysis and in situ hybridization 
5 for some of the ES clones^ strongly argue that the 

majority of the clones contained virtually all the human 
insert in unrearranged form (i.e. in "germline 
configuration") , with a high frequency of clones (40%) 
also retaining both YAC arms. The significant uptake of 

10 yeast genomic DNA was not detrimental to proper 

differentiation of ES cells in vitro and in vivo and did 
not prevent germline transmission or gene expression. % 
these methods , one can transmit large fragments of genomic 
DNA as inserts into non-human animal genomes, where the 

15 inserts may be transmitted intact by germline 

transmission. Therefore, a wide variety of xenogeneic 
DNA can be introduced into non-hximan hosts such as 
mammals, particularly small laboratory animals, that may 
impart novel phenotypes or novel genotypes. For example, 

20 one can provide in small laboratory animals genes of a 

mammal, such as a human, to study the etiology of a 
disease, the response to hiunan genes to a wide variety 
of agents. Alternatively, one can introduce large loci 
into a mammalian host to produce products of other 

25 species, for example humans, to provide human protein 

sequences of proteins such as immunoglobulins, T-cell 
receptors, major histocompatibility complex antigens, etc. 

Introduction of heavy chain YAC A287-C10 and kappa chain 

30 YAC A80-C 

into ES cells and Embryos 

Yeast containing the human heavy chain YAC A287-C10 
targeted with pLUTO (yA287-C10) were spheroplasted and 
fused with the HPRT-def icient ES cell line E14.1TG3B1 as 

35 described above. Ten HAT-resistant ES (ESY) clones (2B, 

2C, 2D, 3A, 3B, 5C, 1125A, 1125E, 100/1500 and 100/4000) 
were picked and were expanded for DNA analysis. 
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Evaluation of the integrated YAC was performed by Southern 
blot analysis of Hindlll-digested DNA from these clones, 
using human heavy chain probes for the D; Jh, /i# and VH2 
regions, decrib d above. All ESY clones were found to 
5 contain the expected > 10 kb and /x fragments. All ESY 

clones except 2D and 5C clones, were found to contain the 
4.8 kb VH2 kb fragment. All ESY clones, except 2D and 
3B were found to contain the expected 10 and 7.6 kb D gene 
fragments- Yeast genomic sequences were detected by 

10 hybridization to the yeast repetitive Ty element in all 

ES^ clones except 2B, 2D, 100/1500 and 50. ESY clones 
2B, 3A and 5C were microinjected into C57B/6 blastocysts 
as described above and chimeric mice (10 from 2B clone, 
1 from 3A clone and 1 from 5C clone) were generated. 

15 Southern blot analysis of tail DNA from 10 of these 

chimeric animals, indicated the presence of most, if not 
all, of the apparent 10 Alu fragments, detected in yA287- 
ClO in yeast, as well as the presence of VHj and D gene 
fragments. The generated chimeric mice were bred with 

20 C57BL16J mice for germline transmission evaluation. A 

chimeric male 78K-3 derived from the 2B clone transmitted 
the ES cell genome to its offspring at a frequency of 
100%. Southern blot analysis of tail DNA from 4 out of 
6 agouti mice pups indicated the presence of hximan heavy 

25 chain sequences. 

Fusion experiments with yeast containing the human 
kappa chain YAC A80-C7 targeted with pLUTO (yA80-C7) with 
E14.1TG3B1 ES cells generated 2 HAT-resistant ESY clones: 
M4.4.1 and M5.2.1. Southern blot analysis of Hindlll- 

30 digested DNAs from these clones revealed the presence of 

all the apparent 10 Alu fragments detected in yA80-C7 in 
yeast. In both clones yeast genomic sequences were 
integrated. ESY clones were microinjected into C57B1/6J 
blastocysts and chimeric mice were generated. 
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Production of human la by chimeric mice bv Introduction 
of Human la using Homologous Recombination 

As an alternative approach to that set forth in 
Examples I-VI, human Ig genes are introduced into the 
5 mouse Ig locus by replacing mouse heavy and light chain 

immunoglobulin loci directly with fragments of the human 
heavy and light chain loci using homologous recombination. 
This is followed by the generation of chimeric transgenic 
animals in which the embryonic stem-cell derived cells 
10 contribute to the germ line. 

A. Construction of human heavy chain replacement vector . 

The replacing human sequences include the Spel 100 
kb fragment of genomic DNA which encompasses the human 

15 VH6-D-J-C/i-C^ heavy chain region isolated from a human-YAC 

library as described before. The flanking mouse heavy 
chain sequences, which drive the homologous recombination 
replacement event, contain a 10 kb BamHI fragment of the 
mouse Ce-Ca heavy chain and a 5' J558 fragment comprising 

20, the 5' half of the J558 fragment of the mouse heavy chain 

variable region, at the 3' and 5' ends of the human 
sequences, respectively (Figure 16) . These mouse 
sequences are isolated from a mouse embryo genomic library 
using the probes described in Tucker et al. (1981) , PNAS 

25 USA , 78: 7684-7688 and Blankenstein and Krawinkel (1987, 

supra ) , respectively. The 1150 bp Xhol to BamHI fragment, 
containing a neomycin-resistance gene driven by the Herpes 
simplex virus thymidine kinase gene (HSV-tk) promoter and 
a polyoma enhancer is isolated from pMClNeo (Roller and 

30 Smithies, 1989, supra ) . A synthetic adaptor is added onto 

this fragment to convert the Xhol end into a BamHI end 
and the resulting fragment is joined to the BamHI mouse 
Ce-Ca in a plasmid. 

From the YAC clone containing the human heavy chain 

35 locus, DNA sequences from each end of the insert are 

recovered either by inverse PGR (Silverman et al. (1989) , 
PNAS . 86:7485-7489), or by plasmid rescue in E. coli . 
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(Burke et al. , (1987); Garza et al. (1989) Science , 
246 :641-646; Traver et al* , 1989) (see Figxure 8). The 
isolated human sequence from the 5'V6 end of the YAC is 
ligated to the mouse J558 sequence in a plasmid and 
5 likewise, the human sequence derived from the 3'Cd end 

of the YAC is ligated to the Neo gene in the plasmid 
containing Neo and mouse Ce-Ca described above. The human 
V6-mouse J558 segment is now subcloned into a half-YAC 
cloning vector that includes a yeast selectable marker 

10 f HIS3) not present in the original IgH YAC, a centromere 

(CEN) and a single telomere (TEL) . The human Ctf-Neo-mouse 
Ce-Ca is likewise subcloned into a separate half-YAC 
vector with a different yeast selectable marker f LEU2 ) 
and a single TEL. The half-YAC vector containing the 

15 human V6 DNA is linearized and used to transform a yeast 

strain that is deleted for the chromosomal HIS3 and LEU2 
loci and which carries the IgH YAC. Selection for 
histidine-prototrophy gives rise to yeast colonies that 
have undergone homologous recombination between the human 

20 V6 DNA sequences and contain a recombinant YAC. The half- 

YAC vector containing the human CS DNA is then linearized 
and used to transform the yeast strain generated in the 
previous step. Selection for leucine-prototrophy results 
in a yeast strain containing the complete IgH replacement 

25 YAC (see Figure 16) . Preferably, both targeting events 

are performed in a single transformation step, selecting 
simultaneously for leucine and histidine prototrophy. 
.This is particularly useful when the original centric and 
acentric YAC arms are in opposite orientation to that 

30 shown in Figure 16. This YAC is isolated and introduced 

into ES cells by microinjection as described previously 
for embryos. 

EXAMPLE VIII 

35 Crossbreeding of transgenic mice 



A. Generation of human monoclonal antibody producing mice 
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Mice containing the himan immunoglobulin locus are 
mated to mice with inactivated murine immunoglobulin genes 
to generate mice that produce only human antibodies* 
Starting with four heterozygous strains, three generations 
5 of breeding are required to create a mouse that is 

homozygous for inactive murine kappa and heavy chain 
immunoglobulins, and heterozygous for human heavy and 
kappa chain immunoglobulin loci. The breeding scheme is 
shown in Figure 17. 
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EXAMPLE IX 

Production of Human Monoclonal Antibodies 



A. Immunization of mice 

15 Germline chimeric mice containing integrated human 

DNA from the immunoglobulin loci are immunized by 
injection of an antigen in adjuvant. The mice are boosted 
with antigen 14 days after the primary immunization, 
repeated after 35 and 56 days. A bleed is done on the 

20 immunized animals to test the titer of semm antibodies 

against the immunizing antigen. The mouse with the 
highest titer is sacrificed, and the spleen removed. 

B. Fusion of sDlenocvtes 

25 Myeloma cells used as the fusion partner for the 

spleen cells are thawed 6 days prior to the fusion, and 
grown in tissue culture. One day before the fusion, the 
cells are split into fresh medium containing 10% fetal 
calf serum at a concentration of 5 x 10* cells/ml. On 

30 the morning of the fusion the cells are diluted with an 

equal volume of medium supplemented with 20% fetal calf 
serum and 2X OPI (3 mg/ml oxaloacetate, 0.1 mg/ml sodium 
pyruvate and 0.4 lU/ml insulin) solution. 

After sacrificing the mouse, the spleen is 

35 aseptically removed, and placed in a dish with culture 

medium. The cells are teased apart until the spleen is 
torn into fine pieces and most cells have been removed . 
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The cells are washed in fresh sterile medium, and the 
clumps allowed to settle out. 

The splenocytes are further washed twice by 
centrifugation in medium without senim. During the second 
5 wash, the myeloma cells are also washed in a separate 

tube. After the final wash the two cell pellets are 
combined, and centrifuged once together. 

A solution of 50% polyethylene glycol (PEG) is slowly 
added to the cell pellet while the cells are resuspended, 

10 for a total of two minutes. 10 mJ of prewarmed medium 

is added to the cell solution, stirring slowly for 3 
minutes. The cells are centrifuged and the supernatant 
removed. The cells are resuspended in 10 ml of medium 
supplemented with 20% fetal calf serxun, IX OPI solution 

15 and IX AH solution (58 juM azaserine, 0.1 mM hypoxanthine) . 

The fused cells are aliquoted into 96-well plates, and 
cultured at 37° for one week. 

Supernatant is aseptically taken from each well, and 
put into pools. These pools are tested for reactivity 

20 against the immunizing antigen. Positive pools are 

further tested for individual wells. When a positive well 
has been identified, the cells are transferred from the 
96-well plate to 0.5 ml of medium supplemented with 20% 
fetal calf serum, IX OPI, and IX AH in a 24-well plate. 

25 When that culture becomes dense, the cells are expanded 

into 5 ml, and then into 10 ml. At this stage the cells 
are sub-cloned so that a single antibody producing cell 
is in the culture. 

In accordance with the above procedures, a chimeric 

30 non-human host, particularly a murine host, may be 

produced which can be immunized to produce human 
antibodies or analogs specific for an immunogen. In this 
manner, the problems associated with obtaining human 
monoclonal antibodies are avoided, because the transgenic 

35 host can be immunized with immunogens which could not be 

used with a human host. Furthermore, one can provide for 
booster injections and adjuvants which would not be 
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permitted with a human host. The resulting B-cells may 
then be used for immortalization for the continuous 
production of the desired antibody. The immortalized 
cells may be used for. isolation of the genes encoding the 
5 immunoglobulin or analog and be subjected to further 

molecular modification by methods such as in-vitro 
mutagenesis or other techniques to modify the properties 
of the antibodies. These modified genes may then be 
returned to the immortalized cells by transfection to 

10 provide for a continuous mammalian cellular source of the 

desired antibodies. The subject invention provides for 
a convenient source of human antibodies, where the hximan 
antibodies are produced in analogous manner to the 
production of antibodies in a human host. The animal host 

15 cells conveniently provide for the activation and 

rearrangement of human DNA in the host cells for 
production of human antibodies. 

In accordance with the subject invention, human 
antibodies can be produced to htunan immunogens, eg. 

20 proteins, by immunization of the subject host mammal with 

human immunogens. The resulting antisera will be specific 
for the human immunogen and may be harvested from the 
serum of the host. The immunized host B cells may be used 
for immortalization, eg. myeloma cell fusion, 

25 transfection, etc. to provide immortal cells, eg. 

hybridomas, to produce monoclonal antibodies. The 
antibodies, antiserum and monoclonal antibodies will be 
glycosylated in accordance with the species of the cell 
producing the antibodies. Rare variable regions of the 

30 Ig locus may be recruited in producing the antibodies, 

so that antibodies having rare variable regions may be 
obtained. 

All publications and patent applications cited in 
this specification are herein incorporated by reference 
35 as if each individual publication or patent application 

were specifically and individually indicated to be 
incorporated by reference. 
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Although the foregoing invention has been described 
in some detail by way of illustration and example for 
purposes of clarity of understanding, it will be readily 
apparent to those of ordinary skill in the art in light 
5 of the teachings of this invention that certain changes 

and modifications may be made thereto without departing 
from the spirit or scope of the appended claims. 
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CLAIMS 

WHAT IS CLAIMED IS ; 

1, An improved method for modifying the 
genome of a embryonic stem cell so as to contain, in the 
5 genome thereof, a xenogeneic DNA segment of at least 100. 
kb which method comprises: 

combining under fusing conditions embryonic 
stem cells and yeast spheroplasts, said spheroplasts 
containing a yeast artificial chromosome (YAC) comprising 
10 said xenogeneic DNA segment and including a marker for 
selection, whereby said xenogeneic DNA segment becomes 
integrated into the genome of said embryonic stem cells; 
and 

selecting for an embryonic stem cell carrying 
15 said xenogeneic DNA segment by means of the marker. 



2. An inqproved method for producing a 
modified non-human animal, said cinimal having a 
xenogeneic DNA segment of at least 100 kb stably 
integrated into the genome of at least some cells of said 

20 animal, said method coitprising: 

combining under fusing conditions embryonic 
stem cells of said animal and yeast spheroplasts, said 
spheroplasts containing a yeast artificial chromosome 
(YAC) comprising said xenogeneic DNA segment and 

25 including a marker for selection, whereby said xenogeneic 
DNA segment becomes integrated into the genome of said 
embryonic stem cells; 

selecting for embryonic stem cells carrying 
said xenogeneic DNA segment by means of the marker; and 

30 transferring said selected embryonic cells into 

a host blastocyst, implanting said blastocyst in a 
pseudopregnant animal recipient, and allowing said 
blastocyst to develop to term to produce a chimeric 
animal carrying said xenogeneic DNA segment integrated 

35 into the genome of at least some cells of said animal. 
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3 . An improved method for producing a 
modified non-human animal, said animal having a 
xenogeneic DNA segment of at least 100 kb stably 
integrated into the genome of said animal, said method 

5 comprising: 

combining under fusing conditions embiryonic 
stem cells of said animal and yeast spheroplasts, said 
spheroplasts containing a yeast artificial chromosome 
(YAC) comprising said xenogeneic DNA segment and 

0 including a marker for selection, whereby said xenogeneic 

DNA segment becomes integrated into the genome of said 
embryonic stem cells; 

selecting for embryonic stem cells carrying 
said xenogeneic DNA segment by means of the marker; 

5 transferring said selected embryonic cells into 

a host blastocyst and implanting said blastocyst in a 
pseudopregnant animal recipient, and allowing said 
blastocyst to develop to term to produce a chimeric 
animal carrying said xenogeneic DNA segment; and 

0 mating said chimeric animal with an animal of 

the same species to produce said modified animal carrying 
said xenogeneic DNA segment. 

4 . A method according to any one of claims 1 , 
2 or 3, wherein said marker is the HPRT gene and said 

5 embryonic stem cells are HPRT deficient. 

5. A method according to any of claims 1, 2 
or 3, wherein said xenogeneic DNA is human DNA, and/or 

wherein said xenogeneic DNA is immunoglobulin 
DNA in substantially intact form. 

0 6 . Embryonic stem cells comprising a genome 

modified according to the method of claims 1, 4 or 5. 

7. A modified animal produced according to 
the method of claims 2, 3, 4 or 5. 
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8. The stem cells of claim 6 which are of a 

rodent . 



9. The stem cells of claim 8 which are murine. 

10 . The animal of claim 7 which is a rodent . 

11. The animal of claim 10 which is a mouse. 



79 




M 



wo 94/02602 



PCrAJS93/06926 



O 
O 
UJ 



E 
o 
ffi 



i Q. 



SO ^ 

Ql^ D 



c 



E 
o 
m 



^ « 2 

O U3 O O 
2 X W liJ 



^1 ^2 ^3 ^4 



1kbp 



J 



o 
o 



2800 bp 



X 



FIG. lA 



2900 bp 



q o 
o o 

(/) UJ 



o 
o 



o 

X 



2800 bp 



o o 
u o 

1150 bp <^ ^ 



• •••• l - • •• •• 
^Neo 



500 bp 



FIG. IB 



1-/-2-4 

SUBSTITUTE SHEET 



wo 94/02602 



PCr/US93/06926 



o 



E 
o 

CD 



c-o E 
^ X m 



m X 



o 
o 



o 

X 



an 
o 
o 



I I 1 1 II 1 1 1 1 I I I — I 



on 
o 



2800 bp 



D052 



o 

x: 

X 



J2 J3 



1kbp 



2300 bp 



o 
u 

UJ 




2800 bp 



FIG. 2A 

Neo 



o 

X 1150 bp 

•^^^ 1120 bp 



Xhol 



HEAVY 
CHAIN 



EcoRI 



HEAVY 
CHAIN 




pUCiS 



EcoRI. PstI PROBE 



o 
o 

UJ 



000 

O JC o 

to xco 



c 



I 8 



1300 bp 



O c « ^ 

uixcn Q.X(/> 



^-H 

*Jl ^^2 J3 ^4 760 bp 

) -4^2260 bp^"^-^ 
790 bp 920 bp 

4040 bp 4<-^-H 



D052 



HindE DIGESTION K 

Sad DIGESTION 

S i 
o -£ 

UJ X 



2370 bp 



o o 
o x: 



PCR primer 



a: 
o 



o 

D 
(/> 



Q.X V> 



Hindn DIGESTION K 



Sad DIGESTION 



FIG. 2C 



N PCR PRIMER /-^eO bp 
— 4180 bp ^— ^ 

920 bp 




3470-bp 

2/24 




.4 ■ 



wo 94/02602 



PCT/US93/06926 



O 

CVJ 
OO 



O 
CM 
CM 
ffi 



S2 

UJ 

I 

CM 



I 



IgM 



IgMb 



a allotype 




I I null 

IQO IO' IC)2 Io3 |{f 
FLI-H\FLI-HEIGHT — > 



I 

S2 

UJ 

I 

CVJ 



I 




I I n i m| I I i m iq ' i i i iiiii 

loP lO' lO^ iqS ioA 

FLI-H\FLI-HEIGHT > 



b allotype 




IqO io' |o2 IqS 10^ iqO id' I02 10^ 

FLI-H\FLI-HEIGHT — > FLI-H\FLI-HEIGHT — > 



Fia3-i 

3724 



.<?! IR<5Tm ITF SHFPT 



a;- 
K ■ 



■■ ■ ■ . ■ ■ ^- . 




wo 94/02602 



PCr/US93/06926 



a/bFI 



I 2 



I 

X 

o 
aj 

I 

-I 

X 
I 

04 




» 2 



I I n iiii | I I I min i 

10° lo' I02 10^ 10^ 
FLI-H\FLI-HEIGHT — > 



X 

o 

LU 
X 
I 

CVJ 



X 

I 

CVJ 




mf I I ' I I n i iH| — I' I m i l * 

10° lO' I02 I03 
FLI-H\FLI-HEIGHT — > 



I 2 



I 

X 

o 

UJ 
X 

I 

CM 



X 

I 



AJ^/b F I 




FLI- 



mrj — I I l ll llll I I l |IHI | I I IH I H 

lo' I02 lo3 IcA 
H\FLI-HEIGHT — > 



.58.3 




10^ lo' I02 10^ 10^ 
FLI-H\FLI-HEIGHT — > 

/ 



FIG.3-2 



4/24 



SUBSTITUTE SHEET 



i. 

r - 



w 

-f ■ 




wo 94/02602 



PCr/US93/06926 






SUBSTITUTE SHEET 



wo 94/02602 



PCr/US93/06926 



J REGION 
EcoRT EcoRl SphI Bgltt 

I I 

NATIVE 

L(DCUS SpW 
PGK TK 

pK.TK/Neo 



CONSTANT 

REGION 

HpQl 

BsuB61 BgH BamHI Bqjl[ 
ENHANCER" ' 




EcoRI 



TARGETED 
LOCUS 



EcoRI SphI Bgjn 
i I II I 



MCI Neo BamHI Bgfll 



FIG. 5 



6/24 



SUBSTITUTE SHEET 



it?'- 



wo 94/02602 



PCr/US93/06926 



o 

8 

^ O O 





to 



CO 



o 
a> 



o 

Q> 



^^^^^ 




CO. 




to 



o 



it: 



suBsnruTE sheet 




't 




wo 94/02602 



PCr/US93/06926 



NATIVE ES CELL LOCUS 
Bgjn 

Bgjn" 



EcoRIEcoRI _ EcoRI HindlH BglH BglE BamHI BgDI 



L 



I I I I I 



BomH I/Bgj PROBE 
Bgj n DIGESTION 

Hind Hr/Bg] n PROBE 



1700 bp 




15000 bp 

EcoR I DIGESTION ^ ^ ^ 



TARGETED ES CELL LOCUS 

Bgin ^ 

EcoRI Hindlll Bgjll 
Bgjn I I I 



EcoRI 
|EcoR^ 



I 1 I I I 



BamH 1/Bg) II PROBE 

Bgl n DIGESTION 

Hind m/Bgj I PROBE 1700 bp 



5040 bp 



EcoR I DIGESTION 
Neo PROBE 

Bg] n DIGESTION 



EcoRI 

BamHI BamHI BgUI 
^EcoRIl 




5730 bp 



1140 bp 
5730 bp 



1220 bp 



FIG. 7 



37-2-4- 



SUBSTTFUTE SHEET 



wo 94/02602 



PCr/US93/06926 



J REGION KNOCKOUT VECTOR 

BgD) Xbal 

HH 



J1 J2 



J3 J4 



TARGETING SCHEME 



EcoRI EcoRI 
P6K tk lOSH I MCI Neo 



BamHI 



EcoRI EcoRI EcoRI 



BgD) 



Bgm BamHI 




J1 J2 J3 J4 



CONSTANf^ 



REGION 
EcoRI EcoRI ^X^ 



c 

PGK tk 



MCI Neo 



BamHI 



EcoRI 
Xbd I 



HOMOLOGOUS 
REMOMBINATION 



G418 

SELECTION 



t 



EDIT 



Xbd 



EcoRI ) ' / EcoRI Bgni XboT EcoRI EcoRI BamHI 



-K 

J1J2 J3J4 



EXCISION 



PGK tk MC1 
Neo 

GANCYCLOVIR 
SELECTION 



BamHI Xbal EcoRI EcoRI BamHI 



MCI 
Neo 



FIG. 8 



9/24 



SUBSTITUTE SHEET 



wo 94/02602 



PCr/US93/06926 



&5 



to 



o a.Q.o>s o 





oo 
oo 

o 
< 



"P (f) 0.0.0 




Q. 



I 

o 

o 
II. 



< 

• 

en 
o. 




o 

D. 



-10/24 



SUBSTITUTE SHEET 



wo 94/02602 



PCrAJS93/06926 



Sad BamHI Xhd EcoRI Hindm Ndd 

GAGCTCGGATCCTATCTCGAGGAATTCTATAAGCTTCATATGTAGCr 
CATCCTCGAGGCTAGGATAGAGCTCCTTAAGATATTCGAAGTATACA 




pSK3 



f Sad 
BamW 

Xhd 
EcoRI 



XJ 



Ndd 
Hlndm 

pSK.BAK 



PGK TK 



FIG. 9-2 



Sod 



Ndd 
Hindm 



Qd 

BamHI 
Xhd 
EcoRI 

^ofe 
PGK TK 
pSK.B/(TK/0.8K) 




Ndd 
Hindm 




PGK TK 



11 /24 



pSK.B/(TK/0.8K/Neo) 

ftl IRQTITI ITP CJMPPT 



wo 94/02602 



PCT/US93/06926 



Hindm EcoRI Kpnl BamHI Sad Noil 

AAGCTWAGAAnCGGTACCTGGATCCTGAGCTCATAGCGGCCGCAGCT 
CATGTTCGAATATCTTAAGCCATGGACCTAGGACTCGAGTATCGCCGGCG 



Seal 




pSK.C 




3' KAPPA 



FIG. 9-3 




Bamm 



pSiCC/3!K/Dr_____ 
12/24 

SURfrrm rrc qucct 



wo 94/02602 



PCrAJS93/06926 



EcoRI 



Kpnl 

Bsu36\SphIv^ 

5' Kappa 
Bsu361 



Bsu36 

Nde] 
HincM 



Hindm 

Seal 

EcoRI 

indE 
Kpnl 
BamHI 

3' Kappa 

Xhol iy4ci Neo 

PGK TK EcoRT ^^^^ 

0.8 kb 
Kappa 

PGK DT 

Kpnl 
SphI 
Bsu361 




NotI 



FIG. 10 



5* Kappa 
Bsu361 

Bsu361 
Ndel 




Hindm 
PGK TK 



Seal 

EcoRI 
HindM 

Kpnl 

BamHI 
3' Kappa 
Sad 

BamHI 

MC1 Neo 
Xhol 
EcoRI 

EcoRlO-8 kb 
Kappa 



PGK DT 



Kpnl 

SphI 
Bsu361 

5' Kappa 

Bsu361 



NotI 




Hindm 



Bsu361 

Ndel 
Hindm 

PGK TK 



EcoRI 

Kpnl 

BamHI 
3* Kappa 
Sad 
BamHI 

^^°I-Mei-Neo— 



.n/2S. EcoRI EcoRI 0.8 kb 
^ ^ Kappa 

ftl IRdTTTI ITF RHPFT 



wo 94/02602 



PCr/US93/06926 



NATIVE ES CELL LOCUS 

PstI Sgcl EcoRI 



BamHT 



Bgin(' 



Sad 



BamH I/BgJ H PROBE 
BgJ I DIGESTION 



EcoRI 



Hind m/Bg) I PROBE 
EcoR I DIGESTION ^ 

EcoR I PROBE 880 bp 
BamH I DIGESTIOI 



BamHl 



-\SacI 
Bgin \ 



Bolir 



igll 



1700 bp 



1220 bp 
231 ^to 



15000 bp 



Bgi n DIGKTip N 2570 b p 

5490 bp 

Sac I DIGESTION ^ ► 



y 



Ck-TARGETED ES CELL LOCUS 
BamHI^**!Bg|n?P^^ ,^EcoRI HindJE^^^^ 




Sadi 



EcoRl BamHI 



EcoRI Bgjir 
BamH I/BgJ I PROBE 
Bg| I DIGESTION 
Hind m/Bg} H PROBE 
EcoR I DIGESTION 
EcoR I PROBE 880 bp 



mi <; iiU ii^f 



1700 bp 

7760 bp 



r 



BamH I DI GESnONL^ 2570 bp 
Bg) n^ESTlO N^ 5490 bp 
Sac I DIGESTION*^ ^ 

JkCk-DELETED ES CELL LOCUS 

BamHlP^fi^^i^^^ra ^"^1 BglH 



tr Sad EcoRI 



EcoR I PROBE ^^^880 bp BomHI 
BamH I DIG ESTION 553g:^p 

^ 5820 bp 

2040 bp 
Sac I DIGESTION ► 



Bg] n DIGESTION 



4890 bp^™ ^ 



880 bp 



4890 bp 



3080 bp 



FIG. II 



SUBSTITUTE SHEET 



v: 



wo 94/02602 



PCT/US93/06926 



I ESY 1 yHPRT 

EI4 2-I 3-I3-6 5-2T-3 8-58-68-T I II 




FIG. I2A 

H H 

Oi SCHEME A 

*-4j5kkr* 

I — '■ ESY 1 

EI4 2-13-1 3-6 5-2 7-3 8-58-6 8-7 yHPRT 




FIG. I2B 

15/24 



SUBSTITUTE SHEET 



wo 94/02602 



PCr/US93/06926 



kb 
5- 



H H H H 
^ — isd+'wv^ SCHEME B 
-^kb^ -4.1 kb"* ^^"""^^ 



ESY 



EI4 2-1 3-1 3-6 5-2 7-3 8-5 8-6 8-7 yHPRT 



FIG. I2C 



ESY 



1 yHPRT 



kb 

10- 

7- 
6- 

5- 
4- 

3- 
2- 



E14 2-1 3-1 3-6 5-2 7-3 8-5 8-6 8-7 t II 




FIG. I2D 



r 



ESY 



EI4 2-1 3-1 3-6 5-2 7-3 8-5 8-6 8-7 yHPRT 




FIG. I2E 



16/24 



SiirBSmUl"^ SH EET 




^ ■ ■ ■ " ■ 




wo 94/02602 



PCTAJS93/06926 



FIG. I3A 



FIG. I3B 







17/24 
SUBSTITUTE SHEET 



1 



wo 94/02602 



PCT/US93/06926 




FIG. I4A FIG. I4B 




FIG. I4C FIG. I4D 




FIG. I4E FIG. I4F 

18/24 

SUBSTIT_UXE3 H E ET 



wo 94/02602 



PCTAJS93/06926 




FIG.I4G FIG.I4H FIG. 141 



19/24 



wo 94/02602 



4-2 4-3 

kb r^- — 



FIG. 14 J 




PCT/US93/06926 



agouti 
mice 

4-2 4-3 




FIG.I4K 



FIG. ISA 

I 1 



I 

fO 

coco 



GO 



C 05 ^ 

COroro Q 
I I 



FIG. I5B 

I 1 



I 



C 

cr 4> OS 

0> I ^ 



^00 g^_,co< 

>- „ _J{0 lOlOO 
C0(0 s I i I I o 



626 bp 




359 bp 



20/24 



SHEET 



i 



■ ..^■■'i^)^■- 



wo 94/02602 



PCr/US93/06926 



irfTERSPARSED MEMBERS OF V1.V2.V3.V4.V5 

I 1 Jn4 

DOW 



D'5 



Vn6 



5* 



y/- 



U 1700kb 

— 2000kb — 



y/ 



mni 



100kb 



X/-,.\ 1 1 I .A I \P 



58kb. 
670lcb 

1 



51 kb 
Not I 



i-yAnc 



FIG. I6A 



yi_V2V3 V4y5 V6 V ^^xf p % Cal 
NOT "SPE SPE NOT 



-670kb 



85-100 kb 



J558.V31.y GAM3.8 
' 'J606 



1 S107.X24.V3660.VGAM3.8 



VCAM3 3- ISO 
Vn GENE 

D032 



J558 

.r7 



PC7183.052 



UNKNOWN DISTANCE- 



DaiNE 

/ 
D's 



()n4 

/y \ \ \ i //3 - 



\ \ \ \ \ \ \ \ ^ ^ ^ \ t X t ^ \ 



FIG. I6B 



100 




/C\ \ \ \ 



200 1/^300 kb 



TEL HIS3CEN 



5* 3* 

V5VD„Jh9^% 



Spel 



Spei 



85-100kb 



LEU2 TEL 



MOUSE J558 



▼ f 



Neo MOUSE C£-Ca 



m.-l6C 



2 1 / 24 



' .... 




■ > ■ . ■ 




wo 94/02602 



PCr/US93/06926 



Cross lA. 



Mouse Breeding Scheme 

Cross IB. 



heterozygous inactive Murine IgH 

X 

heterozygous inactive Murine IgK 

MIgH (inactive) MM 

Mgfl ITTgR 
X 

jJIaH MigK (inactive) 

MTgH ^ MigK 

Fl (cross I A) 

MIgH (inactive) MIqK (inactive) 
MlgH "~MlgK 

Cross II. 



heterozygous Human IgH 

heterozygous Human IgK 

MIqH MIgK HIgH 
RlgR ira 
X 

MIgH MIgK HIgK 
TOR MTgK 

i 

Fl (cross I B) • 

MIgH MIgK HIgH HIgK 
MIgH JTIgK 



Cross III 



Fl (cross I A) X Fl (cross I B) 

♦ 

F2 Quadruple Heterozygotes 

MIgH (inactive) MFgK (inactive) HIgH HIgK 
HTgH MigK 

Intercross F2 mice 
♦ 

F3 DOUBLE Homozygotes 

MIgH (inactive) MIgK (inactive) HIgH HIgK 
MlgH (inactive) MlgK (Inactive) 



FIG. 17 



22/24 



SUBSTITUTE SHEET 



wo 94/02602 



PCr/US93/06926 



a 



00 



O 
O 



CO 

o 
o 



EE 



<3<I 



EE 
'Ski 



oi o> 

EE 
<ll<I 

a! ol 



<»<l 
c: 

CD 



a D> 
EE 



cro> 
EE 



Dl OI 

I— ♦ I— H 

EE 
<»<] 



EE 

<ik3 



<1K} 
c 

CD 



o> 



O O) 



<3 
JLJ 



CT O) 



<n<i 



OI 



CD 



c 

CD 



OI 



OI 



O) O O) 



O) CT 



CD 



CD 



CD OI 

EE E 

-5ki <ik} 

CD 0> CJ CD 

EE EE 

<]kj <lk3 



U 



O 

OI 

M 
I 



cu 



I 

o 

cu 
+-» 
cu 




CD 



O 



CD CT 



CD 




CD 



ElE EIE OE 
<jl 



OO) O CD O CD CJ CD 



CD O CD X 



CO 



CD 
E 

-a: 

X 

CTjCD » 

Elf" 



o 

oici 



<c <3l 



CD 



CD 

_ E 
Oi — 

X 

> 

<] ^ 

CD 



CD 




> CD| CT 
CD 

CJ C3t CJ 

— cr 

X 



OI CD 



CJ CT> CT O) 



O 



CD 

E 
<] 



J CD - 
CriCD E OI 



<lk3 Kl 
-J -J|— J 

CD O CD 



<1 <t: <Il<| 



^3/24 



wo 94/02602 



PCr/US93/06926 



EE 
<1<3 

Oi ci 



■a 

CD 



<aHc] 
c 

CD 



CD 



CD 




<B<3 



CJ 



C7 



— i criD> 




a 



CD 
E 

c: 
<c 

X 
CD 



x: CT 



CD , 
Dl E O 



<c 



CD 




C3) 



CT cn 



24/24 



o 

CO 

CU 

CD 

CO 
<U 
CO 
CO 

o 
o 

L_ 
(U 

CZ CO 

E O 
o — 



GO 
GO 



CD CD 



CO 
CD 

O 
d 
CD 

cn 



CO 
CO 

o 

Q. 



CUCD 

-MO> 
O 

CD CO 
C3 
— O 

c 

>iCU 
CD*0 

oa> 

4-'CU 
O CO 

3 o 



CD D> 

CD 

cc c: 
C03 r3 

CDOO 

oo 

CDr3Z3 



CD n 11 II II ti 
z <IE-C«i-Mi 



SUBSTITUTE SHE?. 



ST 



16 



1 



0* 



INTERNATIONAL SEARCH REPORT 



lot ..^tionai application No. 
PCT/US93/06926 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(5) :C12N 15/00 

US CL :80Q/2 - 

Accoiding to Inteniational FBtent Classification (IPC) or to both national dassificatbn and IPC 

B. FIELDS SEARCHED 

Minimum documentaiioa seaiched (classification system followed by classification symbob) 
U.S. : 800/2 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search tenns used) 
APS, Dialog, "homotogous recombination*, ES cells, YACS 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Catecorv* 


Cit&tinn of dnctiment unth indicfitinn wh>*rfe nYmmnriaf^ Af ih^ r^lMtont naeoanM* 

1141*1 wi wi uvwiuitwiu, Tvaul MiMiwwimii, vviiwlw "iM'i"i'| ifllT-^ Ul UlC IvAmVIUUi pSSSttjCCS 


Keievant co ciami No. 


Y 


Proceedings of the National Academy of Sciences, volume 86, 
issued August 1989, Traver et al., "Rapid screening of a human 
genomic library in yeast artificial chromosomes for single-copy 
sequences", pages 5898-5902, see entire article. 


1-11 


Y 


Proceedings of the National Academy of Sciences, volume 87, 
issued July 1990, Pachnis Qt al., "Transfer of a yeast articial 
chromosome carrying human DNA from Saocharomyoes cerevisiae 
into mammalian cells", pages 5109-5113, see entire article. 


1-11 



I x| Further documents are listed in Che continuation of Box C. | | See patent family annex. 



•A* 

E" 

*r 



or died 



tdduf fcoml Mite of the art which ■ not oaemdcred 
to be port of |ioii M'why fdw bocp 

coriier docuBwa HwhliriMd oo of oftef Iht iiih iim I mm wI filmy date 

which Hoy dmw Joubii oo pnomy chuii(i) or which m 
to t ''H j A fbs p o Winfifm date of ■nolher dwioo or other 
■ (m wpedSied) 



dw4fifBt fcfierag to 00 onl dwckiiic tve* csdiAwboo or other 



dooantacpubliifaed prior to Ihe ioiainlioQsI filBf dito but 1^ 
the pnonQf dtteduned 



•X* 



•A- 



dato nd not ia ooafBct with tfao oppUetfaoa but died to uiK^^ 
pnnciplc Of theory uinlcj^m thc mcvmnn 

do cm ntiid of porticolv refewoe* Ifao MiveBboo *Ttii>*** be 

cooBidered novel or thiwa^ bo ooandered to wolve n mvcDDve ftep 
when the dwiimtut it t>ltcn akwe 

rifji iiTiV. J of f- rf'-**** - refayigso c; the cknned mvatiaa camot be 
owi i lfi e d to Bvotve m BVfiitive atep wbea the dix i i mni l ia 
ooosbned wKh ooe or nofe other anch ******* "if* n*f mch 
beiBf ofaviooa to a pcnoa ikilkd ia the art 



&iiitly 



Date of the actual completion of the international search 
13 SEPTEMBER 1993 


Date of mailing of the intcn^^n^^^c|h R^|^^ 


Name and mailing address of the ISAAJS 
Comnnadoner of Kteou and Tmdemurks 
Box PCT 

Wuhingtoa. D.C. 20231 
Facsimile No. NOT APPLICABLE 


Authorized officer /^T/ ^ 
Telephone No: — (7Q3)-308-0196 



Form PCT/ISAAZIO (second 8hcct){July 1992)* 



INTERNATIONAL SEARCH REPORT 



Int-.oational application No. 
PCT/US93/0eW6 



C (Continuatioii). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document^ with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


Nature, volume 338, issued 09 March 1989, Joyner ?t 
"Production of a mutation in mouse En-2 gene by homologous 
recombination in embryonic stem cells", pages 153-156, see mtire 
article* 


1-11 



Fonn PCT/lSA/210 (continuation of second sbeet)(July 1992># 



IJy m ' 



I 



0 



D 



ATENT COOPERATION TREA 

PCX 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
PH-681-PCT 


SeeNotifjcationofTransmittaloflntemational Preliminar>' 
FOR FURTHER ACTION Examination Report (Form PCT/IPEA/4 1 6) 


International application No. 

PCT/JP99/04518 


International filing date (day/month/year) 
23 August 1999 (23.08.99) 


Priority date (day/month/year) 

21 August 1998 (21.08.98) 



International Patent Classification (IPC) or national classification and IPC 



AO IK 67/027, C12N 5/10, 15/06 




Applicant 



KIRIN BEER KABUSHIKI KAISHA 



1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 

□ 



sheets, including this cover sheet. 



This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and £ire the basis for this report and/or sheets containing rectifications made before this Authority (see 
Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



sheets. 



3. This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 



I 


12SJ 


II 


□ 


III 


□ 


IV 


□ 


V 


El 


VI 


□ 


VII 


U 


VIII 





Date of submission of the demand 

14 January 2000 (14.01.00) 


Date of completion of this report 

05 July 2000 (05.07.2000) 


Name and mailing address of the IPEA/JP 
Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/IPEA/409 (cover sheet) (July 1998) 





.--.t'-l''- 



* .i^' wfrf-.* ■■■■■ 




INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



Ir^^Honal application Mo. 

PCT/JP99/04518 



I. Basis of the report 
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3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
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contained in the international application in written form. 
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furnished subsequently to this Authority in computer readable form. 
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international application as filed has been furnished. 
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4. 



□ 



been furnished. 

The amendments have resulted in the cancellation of: 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 



citations and explanations supporting such statement 
1 . Staiemeni 

Novelty (N) Claims 1-67,70-92 YES 

Claims 68-69 ^0 

Inventive step (IS) Claims YES 

Claims 1-92 NO 

Industrial applicability (lA) Claims 1-92 YES 

Claims NO 



2. Citations and explanations 

(1) Claim 1 

Document 1 : Smith, A. J, H. et al., Nature Genetics, Vol. 8, 1995, pages 376-385 
Document 2: Dieken, E. S. et al., Nature Genetics, Vol. 12, 1996, pages 174-182 

Document 1 discloses preparation of ES cells that retain modified chromosomes by marking a desired site by inserting a 
targeting vector prepared by homologous recombination of that desired site on a chromosome in an ES cell and inducing 
translocation at the marked site. Document 2 discloses the transfer of a foreign chromosome into a cell with a high homologous 
recombination efficiency by preparing a microcell that contains the foreign chromosome and fusing that microceii with the target 
cell, modifying the foreign chromosome by inserting a targeting vector prepared by homologous recombination on the desired 
site on the foreign chromosome in the cell with high homologous recombination efficiency, transferring the modified foreign 
chromosome to another cell, and investigating the function of the modified foreign chromosome. 

Documents 1 and 2 both relate to the modification of chromosomes, and therefore, the invention described in the claim is 
obvious to persons skilled in the art if the homologous recombination described in document 1 is performed in cells with a high 
homologous recombination efficiency such as in the cells described in document 2. 

Therefore, the invention described in this claim does not appear to involve an inventive step. 

(2) Claims 2-25 

See Item (1) above. The cells to be used and the site to be modified on the chromosome are matters that can be altered as needed 
by persons skilled in the art. 

Therefore, the inventions described in these claims do not appear to involve an inventive step. 

(3) Claim 26 

Document 1 : Smith A. J. H. et al.. Nature Genetics, Vol. 8, 1995, pages 376-385 
Document 2: Dieken E. S. et al., Nature Genetics, Vol. 12, 1996, pages 174-182 

Document 1 discloses preparation of ES cells that retain modified chromosomes by marking a desired site by inserting a 
targeting vector prepared by homologous recombination of that desired site on a chromosome in an ES cell and inducing 
translocation at the marked site and it also discloses the preparation of a novel mouse from those ES cells. Document 2 discloses 
the transfer of a foreign chromosome into a cell with a high homologous recombination efficiency by preparing a microcell that 
contains the foreign chromosome and fusing that microcell with the target cell, modifying the foreign chromosome by inserting a 
targeting vector prepared by homologous recombination on the desired site on the foreign chromosome in the cell with high 
homologous recombination efficiency, transferring the modified foreign chromosome to another cell, and investigating the 
function of the modified foreign chromosome. 

In consideration of the fact that documents I and 2 both relate to the modification of chromosomes and that the preparation of an 
animarfrnfrrFS c^ens iq wel1-kTinw^^ claim is obvious to persons ski lled|rUhe art if the 

homologous recombination described in document 1 is performed in cells with a high homologous recombination "efficiency" 
such as in the cells described in document 2 and a non-human animal that retains the modified chromosome is obtained from ES 
cells that retain the modified chromosome. 

Therefore, the inventions described in these claims do not appear to involve an inventive step. 
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See Item (3) above. The animal to be used and the site to be modified on the chromosome are matters that can be altered as 
needed by persons skilled in the art. 

Therefore, the inventions described in these claims do not appear to involve an inventive step. 

(5) Claim 46 

Document 1 : Smith A. J. H. et al., Nature Genetics, Vol. 8, 1995, pages 376-385 
Document 2: Dieken E. S. et al., Nature Genetics, Vol. 12, 1996, pages 174-182 

Document 1 discloses preparation of ES cells that retain modified chromosomes by marking a desired site by inserting a 
targeting vector prepared by homologous recombination of that desired site on a chromosome in an ES cell and inducing 
translocation at the marked site and it also discloses the preparation of a novel mouse from those ES cells. Document 2 discloses 
the transfer of a foreign chromosome into a cell with a high homologous recombination efficiency by preparing a microcell that 
contains the foreign chromosome and fusing that microcell with the target cell, modifying the foreign chromosome by inserting a 
targeting vector prepared by homologous recombination on the desired site on the foreign chromosome in the cell with high 
homologous recombination efficiency, transferring the modified foreign chromosome to another cell, and investigating the 
function of the modified foreign chromosome. 

In consideration of the fact that documents 1 and 2 both relate to the modification of chromosomes, that the preparation of an 
animal from ES cells is well-known technology, and that obtaining an animal by transferring a desired cell nucleus to an 
unfertilized egg from which the nucleus has been removed is well-known technology (see, for example, S. M. Willadsen, Nature, 
Vol. 320, 1986, pages 63-65; Campbell et al., Nature, Vol. 380, 1996, pages 64-; Wilmut et ai.. Nature, Vol. 385, 1997, pages 
8 10-), the invention described in the claim is obvious to persons skilled in the art if the homologous recombination described in 
document 1 is performed in cells with a high homologous recombination efficiency such as in the cells described in document 2 
and a non-human animal that retains the modified chromosome is obtained from ES cells that retain the modified chromosome. 

Therefore, the invention described in this claim does not appear to involve an inventive step. 

(6) Claims 47-67 

See Item (5) above. The animal to be used and the site to be modified on the chromosome are matters that can be altered as 
needed by persons skilled in the art. 

Therefore, the inventions described in these claims do not appear to involve an inventive step. 

(7) Claim 68 

Document 3: Tomizuka K. et al., Nature Genetics, Vol. 16, 1997, pages 133-143 
Document 4: WO, 97/07671, A 1 

Document 3 describes a mouse that retains a fragment of human chromosome 2. Therefore, the invention described in this claim 
does not appear to be novel. 

Document 4 describes a mouse that retains a fragment of human chromosome 2, a mouse that retains a fragment of human 
chromosome 14, and a mouse that retains a fragment of human chromosome 22. Therefore, the invention described in this claim 
does not appear to be novel. 

(8) Claim 69 

See Item (7) above. Which chromosome fragment is retained is a matter to be decided as needed by persons skilled in the art. 
Therefore, the invention described in this claim does not appear to be novel. 

(9) Claims 70-84 

See Items (3) and (4) above. The inventions described in these claims do not appear to involve an inventive step. 



(10) Claims 85-92 

See Items (1) and (2) above. The inventions described in these claims do not appear to involve an inventive step. 



Form PCT/IPEA/409 (Box V) (July 1998) 




icalion No. 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



PCT/JP99/04518 



VIII. Certain observations on the international application 



The following observations on the clarit>' of the claims, description, and drawings or on the question whether the claims are fully 
Supported by the description, are made: 

(1) This examination finds that the description from page 8, line 15 to page 17 line 12 of the Specification, i.e., "The following 
is a summary of the invention... may be the same species or a different species," is supposed to be the invention described in the 
Claims, but this description does not match the description in the Claims. 

(2) This examination finds that the description from page 18, line 1 to page 26, line 24, i.e., 'The further gist of this invention is 
as follows... chromosome fragment," does match the description in the Claims, but the meaning of the term "ftirther gist" is 
unclear. 



Form PCT/IPEA/409 (Box VIII) (July 1998) 



ti 0k m 



PCT 



2 1 JUL 2030 



c p c T 3 6 *jitj! p c rmmm 



■ViPO 



(Omm'B^ PH-681-PCT 


«%•^o^^K#lco^,^x»±, SK^<iiFSE«^oig#ii53i (il^CPCT/ 

I PEA/4 1 6) Sr#M-f-6r t. 


PCT/J P9 9/04 5 1 8 


SIS mis B 

(0.^.^) 23. 08. 9 9 


(B.^.#) 21. 08. 98 


H^1#fF4^IS (IPC) 

Int. CI. T AOIK 6 7/0 2 7, C12N 5/10, C12N 15/06 





1. mm^mm^mmt^VF^\^f^z.<omn'^mm^mi^^mmrfmM\mhi^ (pctsg^) co^^(c^^v^3^#■r5o 
(PC rmsyya lejtT/p c T^jfe*eiij^ 6 o 7 ^mm) 



I 


1X| 


n 


□ 


m 


□ 


IV 


□ 


V 


1 


VI 


□ 


m 


□ 


m 





14. 0 1. 0 0 



0 5. 0 7. 0 0 



0*:git^l^/f (I PEA/ J P) 
L-0 G — 8-9-1-5- 




2B 



9 12 3 



03-3581-1101 



3 2 3 6 



^^PCT/I PEA/4 0 9 mm) (1 9 9 8^7^) 



PCT/ J P 9 9/0 4 5 1 8 



I . 



P C rmmiQ. 16. 70. 17) 



[x] mmm(ommmmmm 



mm 
us 



pcT 1 9^<om'&\^^^^WE^ntLh<o 



2. 



±m<Dmmmm<Dmmn. TiB{c^-r«'§^^^<t5;5>N :i<om^mm<r>m^x*h^. 

□ mmm^<r>tiMzmm ^ tLtc p c TMwm. i (b) icv ^ p lif^zscom^ 

□ PC TmiiJ48. 3(b) 5 H^<5^^^^^W^ 



3. 



□ 



^^PCT/I PEA/4 0 9 (^Iffll) (1 9 9 8^7^) 




i 



I TMMIIflltfltri^^ 





Sl^aJJgS-^ PCT/J P9 9/04 5 1 8 




m±(^mm-^mmz-:>\^^x(D&fsi 2 0k (pct3 5*(2)) kz^tb^^m. ^nsrs^n-^ 


1. 

(N) 




1-6 7.7 0-92 * 




6 8.6 9 ^ 


(I s) 








1-9 2 ^ 



1-9 2 



:S:S^I : Smith A. J. H. et al. . Nature Genetics, vol 8. P- 376-385 1995 
-nipken E S et al. . Nature Genetics, vol.12, p. 174-loZ uyyp-' 

I 0)) 



(3) ff*cD^H2 6^COV^T 
:SCgfc I : Smith A. J. H. et al. 
iSCife 2 : Dieken E. S. et al. 



Nature Genetics, vol. 8. p. 376-385 (1995) 
Nature Genetics, vol. 12, p. 174-182 (1996) 



«S;PCT/I PEA/4 0 9 (^V«B) (1 998¥7^) 





ukflH^ij ■ ■ -iiiaiiiiiiiiry 



IStagS-i- PCT/J P 9 9/04 5 1 8 



«^PCT/I PEA/4 0 9 (ffVUfflll) (1 9 9 8^7^) 



PCT/ J P 9 9/04 5 1 8 



V m<r>m^ 

(4) |»*(D®ffl2 7-4 5^;loV^T 

(5) ffi^CD^H4 6^COV^T 

I : Smith A. J. H. et al. , Nature Genetics, vol. 8, p. 376-385 (1995) 
Xfsk2 : Dieken E. S. et al. , Nature Genetics, vol.12, p. 174-182 (1996) 

f^^^^^w-^m(Dmm\z.^x\^xm^'^^fhfzL^^yk^W'<DmM^m^^ r 

±fa:sci^ i my^xm2m^-ri:hhyk^W(o^m^mir^h(DX-h^^t. e sj^sa 

m^^mX^XWim^'^^^tfim^^mXh^^b m^\-t. S.M.Willadsen. Natur 
e, vol.320, p. 63-65 (1986), Campbell et al. , Nature, vol.380, p.64-(1996), W 
ilmut et al.. Nature, vol.385, p. 810-(1997) 5r#P0 ^^m.-t^t. ±mX^skI(0 



(6) lf^(^l£H4 7-6 7(;ioV^T 

( 7 ) M*(^^ffl 6 8 (;iov^-c 

:i:i^3 : Tomizuka K. et al. , Nature Genetics, vol.16, p. 133-143 (1997) 
Xm4 : WO, 97/07671, Al 

±fB:scm 3 icfi. \i h2^^^i^m}i^^n-r^^^:^ii^t&m^tix\,^^o .to 



«I^PCT/I PEA/4 0 9 (1 9 9 8¥7^) 



BISmffiS-i- PCT/J P9 9/04 5 1 8 



(8) tS^cD^ffle 9{;iovNT 

(9) ^^CD^1S7 0- 8 4^^:ov^T 

±ia (3) (4) ^m^m<D:Lto ^m}k(Dmmmm<Dmm-±mm\^^m\^fj: 

(10) It^c^^H 8 5-9 2 ^c:oV^T 

±12 (1) J^t;? (2) 2j::ff^(7)^H|B^<D^B^{lii^i4<^;^b7^j: 



«I^PCT/I PEA/4 0 9 (M?E«) (1 9 9 8^7^) 



*i 




PCX 



1^ ^ ^ 1^ ^ 






(51) mm^w^^me 

AOIK 67/027, C12N 5/10, 15/06 



Al 



(11) 



(43) 



0 



WOOO/10383 



2000^3^2 0(02.03.00) 



(21) a^ta®#-^ 

(22) S^WMS 

(30) m^cm'f—^ 

4*^¥10/236169 



PCT/JP99/04518 



1999^8>^ 23 0(23.08.99) 



1998^8>g 21 0(21.08.98) 



JP 



(71) mmx (*ll^£r^<■r-<To^g^ll^;lov^T) 

®SS^fit*^#?± (KIRIN BEER KABUSHIKI KAISHA)[JP/JP] 
T 104-8288 MMU^^^Wn^T ^lOmi-^- Tokyo, (JP) 

(72) ;$5XXJ^ 

(75) ^m^ymmx (*H{c:ov^Tco^) 

Wi^— ^(TOMIZUKA, Kazuma)[JP/JP] 
S ffi i?S(YOSHIDA, Hitoshi)[JP/JP] 
^ H 5!j(ISHIDA, Isao)[JP/JP] 
^S^E(KUROIWA, Yoshimi)[JP/JP] 

=f 370-1295 mm}^Mm'ifi'^m^3mi& 
mm^m^^^^t mmmmm^m\^ cunma, (jp) 

7EPgS]BU(HANAOKA, K:azunori)[JP/JP] 
=r228-8555 W^iiimfflmi^m:|tMl-15-l 
im±^mm^±mn^nP^ Kanagawa, (JP) 



J¥ft*9l(OSHIMURA, Mitsuo)[JP/JP] 
=f 683-8503 ^'^m^^mmme 

Mbm±^m^^^^n^np^ Tottori, (jp) 
(74) itmA 

¥^*l6tt, i^1^(HIRAKI, Yusuke et al.) 

=rio5-oooi MMmmm.j^ym\TBi7m^ 

J Pg5^ tVW3Pg Tokyo, (JP) 

(81) If AE, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, 

CA, CH, CN, CR, CU, CZ, DE, DK, DM, EE, ES, FI, GB, GD, GE, 
OH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ, 
PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, UA, UG, 
US, UZ, VN, YU, ZA, ZW, gfe'J»H1#fF (AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPH^pff (BF, 
BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG), 
ARIP04vffF (GH, GM, KE, LS, MW, SD, SL, SZ, UG, ZW), 
^ ^yT^V^ (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM) 



(54)Title: METHOD FOR MODIFYING CHROMOSOMES 




« ... crT(o/MaoincuT(M «z • orto «tsuo 

b ... ma/MODtrxouTw suo c ... nuxct» u/cXhmc nno nano at t-ctu. anus 

e ... Di«o/MOotnaaToa *X2 «... caanuc hodxs mraw 

« ... DT40 wamx» 



(57) Abstract 
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(fragment) and an artificial chromosomal vector each obtained thereby. 
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_ ,j _X 8 ^±^±. 1995) , 

A^'^^-fl: ^d:ES^iaiSafl« A $ tl/c^^. ES^M^^^b^ -tt/c U (Mullerb, Nature. 

311:438, 1984) , ^ •(b $ T U ^ "5 CD T' li ^ *^ (Sugawara, Science. 247:7 
07, 1990) h^Xhntz, 

■5 w i: -e t ■5 i: 9 fn^ M C o t.^ -C (O W ^ O 1-^ , - CO 2 # fcM-t § 

^^^d:iii-^(7)-o{i^fe{*DNACD^f^;i'{b4^?Ji:S.^$>}T'S. zti{i$fflM®^{b 

n o T ^ fb L . ,mi^t# ^ 6*1 /j: ii^s ? m (' fcMi m ^ tsfj *^ It $ tiT v^ s 

(Ceder, Cell, 53:3, 1988) , ^'J^{^> mf* MiS ? O '/S ii^b C ^ "I ^ 

-fbcD^sii^gMm*;^}^^ ti. Mi^^sf&^ia^-rs (Hsieh 

b. EMBO J.. 1 1:315. 1992), ^ fz . ^ ^b ;^ ti Hfl T' (i ^ tb U T . 

de novoCO f- ;l'{b A^'/iS - U ^1" <!: ^ tit -6 (Antequerab. Cell. 62:503, 
1990) , i oTCti^T-CDW^^.^^b, Jli *(l a^- Jill «a ^ . t h - HI M ffl IM tO 

-r b < (I p< 5^ ;U-fb^ nx <-^-5 6 o In f>t^ M ^5 ^ A^' ZCOBHl!l)rdT'iF.m-{i 

6 



wo 00/10383 PCT/JP99/0451 8 

^ m.-r ^ t m ^ z t (in w, X' . 

-^T', P^'M-t ^ t (D t L X IWmenseeh CD 2 r:>CDm^ ( P. N. A . S. . 75 ; 1 9 14 , 1 
978: P.N.A.S. .76: 879. 1979 ) (I a @ L tl 4 b ^j: V ^ , 1 o (i t: h ^ ffi ^Jli 

iM t -7 'y 7.Ecmm. to i o li ^ h B^i&mM t ^ ^ 7.EmmcD±mm.^^ iz ^ 
I) % h ntzB^ h ^ ^ ^ ^ 7. L t K - o X' h <> . znh(Dm^ 

hnx^^^ (Wah, V CO 7^ V h - V . mn^^t, 510, i987) „ ^/z. 
1 a -t ^\'^m.y(i)^m.^nx ^^tzizt mt^ hr , mm^^ his^^^tzm.&^x zco 

-7 'y 7.mi:^izis^-x9\-^m&i=^^u^^^. m^^it±comB'?-tmm^-^nfz 

^ <.^ o - (iT? i- <C t # X. b tlx t /c„ 

Co L ;52 1,^ T . m^itm ^ (D&:h:dNM ^ ^ 7. ^ lil:. tb t t 

mmi^izmxL. mm.-^ ^ z t itmmt ^ ti. ^^.z(Dmmiz^\.^x^mi!)i^ji 

$ n/i C i: (i±iacD I 1 Imenseefj CD MS JiA*^ u^, 

S /c, * ^ Bj . sB © =5r ^ ^ k: h iij fe^ J; t>' ^ © ? ^1 S * -r S a % *5 J: 

*^Bj(i, m m 0) ^ p< \^ h m ^ ^ J: If ^ (D ^ m iz ^ ^-t ^ m m t 

^^a^!i, 1^ k; Mi !fe CD fil 1'^ . MM * silfflM ffl T , ^3^^ 
^tz. ^ fg Dj§ (i . ^'1- * ^ S !± ^ « rr >t 5: If L , S {i -e CD rr 

;^±£7)ii{K??:%i^-rs=^^v#b: h ^ if-wi^ ^ (z $> fz ^ X . 
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% (7) §i /T: 



^ i£ . 
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wo 00/10383 PCT/JP99/04518 

mmt ^ sji ^ ^ i± T ^ ^ n /^ 1- y V y \^mm^^ h^'^^ ntztj cdx- h -itx tj 

. iw la ^ W U -y K $fll *^ ^ ^ ^ n ^ 9 n ^t: ^ h iz S. ^ n -t ;U ff^ ^ ag 

(D m mjM t m-^ X i'^m ^ n fz m^^ h m m ^ n tz t (D X' -o X t j:^^. ^ 

- i 7^- fi ?I to ^'1- 5fe ^ o iMi ^ CD rr >t ^ iSiffl fla «i t h IE S 2 fg Siffl as T- 

-$i>fb##gtt ^i^T H-li^ffi^ifflflS. Httt^SfflM. Ktt^Mlfflfia ct y 

m }^ *^ s <D mB ^ t ^ t (D X $) ')\ 6^<t^m^tu^-r^mmii^^(D^\-^m 
h ^ (Dm )i ±(Dms ffjo^mB^ t m i:' $3 ^ ii^smcD [f^m^^MB'? 

^ tiT v> S i: ct i/^. S ^.^ (i ^ >t- A^' '> ^ < i: 2 M 0) @ 6*J © 

@ (imf^iS^S^T-^) o T t< j: fit ia {5 ? {ifit S II it ^ J: O"' 

M#:^IIjtfe?-C'^ t, J; >.^, 1 ib^ ct 0"^' 2 CD « 1/ ^ -C . ^S5S^fe^*S)-5 

(D m fi f)^ S ffi} CD mB"?" ^ ^ V tj (D X $) 0 . ^^Z)^3l5§^fe{$^)5v^(i-tcD»r 

XmLX ^ ^^(Dt¥^ hm'^(D&t(D^^ ^^i^MLXt^^y.^. BuIHge^JfDil 
a ? i: 111 l; * S </ Mi |g [5] <D S il e ^ ^ ii L T V ^ ^ M (7) t h Sfi ;^ 0^ 

m )^ ±(Dm.B^ ^ , mi'\-mm&i^$) ^ li^t (Dm )^ n^mizBrn'^n^^j: t 

<{j:v'!77.T'&5 . ^ 

3 . i /zii.m^ic.(D^\-i!kUk{ti^$} ^ ^ut^ (Dm ^£ v&xt^m^^^i: cfif-v -r -5 



± CO 31 ^5 ? ^ ^ m 1- ^ ^ ^ ^ 

fimilfS^ fc^ i t>' m $S 51 it ^£ ^ T' * o -C J: 

10 



wo 00/10383 PCT/JP99/045I8 

e -7- m -r s # t b lEij . ^fzit. - t u < (± m (d ^ a * o i ^ 

CD fSf Jt f^J L . 3fe €l f* * o c> (i ^ ^7) rr ± CO iit ? ^ ^ f s T- to ? 

ii. t CD m )^ ± CO m Bi^ m.-r ^ 4 CD ^ ^ ^^^b hoiijit^t; l< it'tcD^m^fz 
ttz\t. mB<D ^- 1 L < i^m^cD ^mtik^it $) ?> itt (Dm )^ ^ L . m^v 

ffflflati. B JifflMT'* o T J: L , Ifi !^ O ,m ^ * ^ ^0 if « Jffl flS * ^ Wi^^ 

10. 4cr)=5pp<9#lihli!t^tU<{i-?-<7)^jl. 5©#ft:hli!l^t;L<{i^cD?jl 

U < =1; U $f * U < (± t: h m -e ^) -5 . 

11. lOtD^&SJickUS^it-etS^ia^S^JiiJS'll^^Mo 

12. 6 7 0 k b t: hrLf*jI{5-?(D'>^»: < t -o^i!^^ L. ^ H i" -5 
thiiife). 

\l(Dn\^ h 111 (i . 1 M b Jii> ± 60 t H In f'i^ jl -7 CO {i'- ^i; < t - o 5: L , 

1 1 



t!(Ifc^^Tii. ^<^t: brif^iia{5-ri:lnJl:S'o..^iit0|Hl(D#t h 311) 1^ fix f5 ^ 
U H-v, 

14 1 3 £D /'^ -Y 7' V H — ^ t- i 0 ^ ^ $ ^ ^ fi^ <■ 

15. 11 hm#co^}^^4< i:t,-ocD^^;^^fc!i-9-7-^^7.^^^1-S^^t: hiii^. 

{itsiwi®^ Steals? A^'^^Jiu-ri^-ct. J: t hmi^®^^ 

X^/clit^y^ vXfi. IgM. IgG, IgE, IgA. IgD^^^tf^nh 

16. 6 7 0 k b ^^Aom-^^c!im^^^^^DN A?:^Jf L. ^ 3ft D N A ± 

^/;i!im^®^^DN A ^ 5ft D N A ± © Jt ^ ^ 1- ' = 

T t J: (-^o 

-c t J: I- ^ o $ n -c V ^ § m M ^5 -r i i m IE in m ^ i t>' ird^ # ffi m -7- 



12 



wo 00/1 0383 PCT/JP99/045 1 8 

c ^) o -L ^, d: c ^ . ^> ft ^ fig 5: (!S h'f "T o m . M ^ iM m lYd . IB $Jn IB . K 

itE M ^Jii )M ^ ^ ^ tih (D^m^^^ h iiX -o ffi i u ili;^ -t 5 i: A^- ^ , 

19. '> < h 2 iH] I^M^ X. !; J; U . 1 8 © Ifd «: f'P -5 7j a- , 

19© f£ {I !i, I5g ift V - 77 - .^a ^ ^ ffl ^ S ffi |5] ;^ U {b 

tg f± ^ 0^ 1^ i- o Jin iia © H fJi a ? ® ffl!) © 3i i2 {5 ? It ^ M ^ 

^ © r? T -e if a U < if i: o I* 'fc ii L . z n h (D m ^ ^ V - ^ 
> ^' 1- o ^ i; J: u 111 tt 31 f= ? © iiiy © ?t 3i m a ? fijE J3l ^ n /i I* 

«: ^ ^ c ±. ct I. ^ . ^ it ^ - .77 - ^ ffl t.^ -5 ffi f5j M ^ X. (1 J; U iJ- {t # tg 
?©flli:6-cDfQJ©M3£3IfE^ ^^JiTIi^ - 77 -iSe? ^ ffl ".^ o ffi [WIM^ A C J; U 

ffl I- ^ S ^ V - 77 - 31 ? :6" © fflfl © w: 31 e ? «: 5£ -r -o <5t) (75 ffi 

I^^I^A!lffli.^S^^Jir't*v-;^-3S{5^i:|5lba^T-«>o-Ct;J;i^, [^H-liii 

^ — 77 — 3a{K^i:s^s.a^T-S)oTt-ck'w^, 

© ^ ^ tg -I* * 1- § ^ffl © ffi r M tit i- 5 , m - ^ ?g gjr 5^ 31 £ 
? * -5 «.Mi CD if Jt (i , y ^ 7. 5 K . n 7. 5 K . Y A C ^ ® ^ ^ ^ - !; I^i ^ ^ 

(i. ^it^m-\^^^nt ^mmiz^i-xmm^ tixi-^p^m\^mB'r tm\^ 

?ffl»C^i^.^-C, r ffi [51 ©31 J iiJi, :£tllir^ S (ifil*! i; 55 i.^T . IsJIIS/- 

^hiz. -^mmi±. ^ ^ 7 t h aiij'j^ f^M^s <!?)©. ij? as « ^ f t ^ fig <: 

f!f T ^ jilii £D ^1] ffl :^ ^ ^MjH-^^. — 

^ hii^/z. -^-^ma. 4'i - s fz ii ?s ^ft © ^1- ift a f/iv ^ o © rr n ^7 1.' 

13 



WOOO/10383 ^ W KC/Ji-vv/u^.o 

= ^ □ -t ;U 5: {1^ M L , fl^ ^ ^7 □ -tr ;U t CO Siii ^ {I i <; . jju ia cD '> 4; < i: t 2 M £D M 

0 - ^ (i ?a ^i- Jfe ^ fe * ^ ®r ^ ^ ^ ^ ^ D -fe ^ ^ « ^ 

5 o-tr;Ui:(0 1i^ticl: U . bu IE ^J^^ ^j: < i: t 2 M H 'fiit {5 ^ fifit^ $ tit 

$^^-r6feCDt'^)ot:feJ:'-^o ^5fe^fe^*:^o'-Mi^^DBT>t{imi*^ b'l- 
t,^ ^ ^ □ BiJ ifi/W y 'J >y K M b 1^ ^ $ n /c 5 ^ n ;u $ f> ^ ^ 

-p-ct^ct^^. ±m(D^ ^ v^^^ vm^(Di'^m'&'.^^^''c it. ^j--^ < i: t> 2 s cd « 

^tD^j^ ^^A U/cm. 1^ ifffl Sa i: Bu IE i*I E a e ? i: in b ^) S (±|@ P «D ® 

^^5?fe^ti f>^^'5> v^{i^tDrrj^ ±cOjS{e-T 4 . ^1- 3fe ^^1 ^) Mi ^ to rr )^ 

^^-Ti%lzBm^m^<iit(DV3b^ t X^-. 7 ^1^ t h 311) '^^3 {i irili ?L 11) t) T- ^) 6 i 



14 



wo 00/10383 PCT/JP99/04518 

^fz. ^ {+ . ill - * /c M ft i'f- 3fe Jfe ^fl I Mi -r <7) rr *: ^ iL' ^ i7 D 

■iz Jl- ^ {^U L , M^C^o-tJltcDM-^lzj:!), ijij e co '> 4; < h t> 2 M to r^i EH4 iS 

i it CD m ^ ^£ X ^ ^ z t ^ wm. t -t ^ . hSii^tDf^^ 

ffi {I i U M -r 5 C h T' # . ^ - ^ /c (i 1^ © ^t- ife ^) 6 i-Mi -e <D ^ >v «: 

* % ii . ± ifi CO ^ ^ ^ t h ii) « Si !Z i U S -r S - T' t , ^ - 

Wit ±«aG? * ^mi- § =^ ^ ^ t h iij!^ . =/i!i, miioy^- t> L < itm^ 
S (i ^ ? S © 3S IS i- J; U m 6 n €. ^ - ^ (i ?5 i& O ^ ^ ^ fe f;^ ^ S I, ^ CO 

m (D MB X m L -c ?h ^ (D n \:i h m ^ t ^ m ^ ^ ^ z t iz ^ 'J i"? m ^ n fz 
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WUUU/IUJOJ 

X^^Xt^X^K :i!}^^W(;Stt^d:tlK{i}vtf*'C-fe^'C t; < . m (i it fL i] O 
iKiJf X' $) ^ t ^ < . J:U$f*U<{i, t h -c ^) €> . 

\.>iimm(Dmiii^^^xmLx^^?>^^^L(D^^\i hm"^ t^R-^^t. 

m\m^^ -^^i^^-t ?>. ^^m^wit. »^ b < it\i v i,z^m-t ?> t (dx$) 

:$:HJfffl#{Cfc^i-^-C(i, MttiUS? (allele) ^Jii>T TTW^Uj i: 9 i: t 

lia ^ M i- S ^ «^ fi < Ife ^ ^j: 6 Iflllia ( X. !^ , - 7 h U DT - 40^81 

16 



wo 00/1 0383 PCT/JP99/0451 8 

vii^t h m ^ if- m-t ^ m ^ iz ^ ±ni(Dm&i:¥-i!Sc^(Dm t miMcoi^, ^m. 

L p< ^ t: h IS 1^ * fi 1^ t h Kj !^ {I T . M 3^ ^ f*: * /c fi -e © »t >t 

^^mfe{**->'*3i5i-s n-f. [5j a T' ^ -c t. ^ -c- 

* o T J; 
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W KJ UU/ I U JO J 

^) o T , -riKDxm ■■ 

^ iJ m li: . 

2. Xfl (a) (b) ^^^cm^t^^Sl^^fii^^^i^^*'^^^^^ 

5 . !^ fffl A^' Hi f L iJ 1^3 Jffl * ^ -t 4 IE «c to -i^ , 

Ati J: UMIExO ^ TSE^'J^^P/rm^gPfiJ-^A^noilE 1 

,if& RE ^'1 )Tr ?i SMi !: A $ n S Ji HE 1 bE ^ :^ r£ . 
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wo 00/10383 PCT/JP99/04518 

10. -^{iin ^ (f^ mm m (D & ^ ^ — Y 7- -f > ^' ^ ^ - (d 
i$ X t m m i~ ^ X m iz , tsiiiL'm^d^m.i^^mm^mmx'^^^-^ 

n {i v^ T ^ ^ ^ {* ^> ^ v^ {i CD »f >t (7) ^ ^ J: t>' / * /c (i $5 

12. m^(D ^Mm&i^f}^ i5ia©^!tas3i^T'$>s±sHiiiEm©:s-ffi. 

13. mm(D^^*i\:i h X' $> ^ ± u i2ii (D :^ m , 

15. mmcD h cfc t>' V "i? 7. X' i> -5 ± i£ 1 4 iB «c CD j£ . 

16. mm^^ . ^5fe^fe^*«>S<'Mi-e^D»f>^i:tB!5]M^^x^]^^Di^v^^flS{z 
S*-r5^fe{*£r)F^T'tf;bti5 t;(^T'*-S± IE lOia®iD:&j£, 

17. ^{tn ^ff^} m.i^ *^ C r eP^T'^^±iE9IHmc7)7u-&, 

18. gP fiZ !|f ^ 6^ II ^ X. ^ ^ £D IS is f ij *J L o X P SB -e S ± IE 9 IE 

19. *a ID M ^ ;t x& ^ © iS VN ^ H -ft ^ Iffl ( ESiffl Ife ) t? -S ± IE 1 IE m 

20. tB islli ^ ^ ^ ^ (D ffi v^ iiiffl Jia - y h ij DT-40$ffl IS T' ^) -5 ± IE 1 IE «c © 

t.' Sffl flS ^: 51 ^ -r S X e $ b !C ^ ± IE 1 f B © cD :^ . 

22. ^ ^ *i cfc / S 15 ^ ^ b 315 5fe * -5 ^ CO W ^ ^ 

. 

23. -7 - ;^ - 31^5 ? 7&^' ^PJ W ft 3a ? T' * -5 ± SE 22iE lit i£„ 
fluorescent protein) ii^?*SlMi-?-COL'5i^{*ii{K?T'*)S±sE22 3E 
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^tiit (D 15 f% . 

25. ^1- -ife * o '.Mi ^ 1ST in- t: h Etl 3}^ -e ^) ^ ± 3d 1 .Id ^ <D U i& , 

> ^' ^ SST Xfi> 

27. ( a ) *j i t; ( b ) -^^^tz^^%%(Dmnmi^^9i^(Dn^^mfk^± 

ffflmii^tT^cm. X.S (c) 4 c> ±iS25Ef£cD:^i4. 

29. ^ - y r -r > ^ ^ ^ - ^ ° ^ ^ SS^'J ^ ^ ^ 1^ ^ - ^' r > ^' 
ad m v£ . 

M fid ^'"'1 t!)^' 'Tr "il C ® A $ n 6 ± nd 26 Id m (D U rJi . 

20 



wo 00/1 0383 PCT/JP99/045 1 8 

32 . i^UiL n m m i§i ^ m m cr> mm^^i 'k t: tj -s! - y t- ^ > ^' ^ ^ 9 — (d 
w X t m m iz ^ m X m ^ ^ iiL ^ m A m m ^ ^ m X' ^ ^ 

^ - |5] ffl ^ $ CD V ^ iM fls (I # A L . m &.n m.i^ Am mm 
^ ^ i± u <!?) 5 -1 t cfc I) . ^ &. m ff3 m K m m (D mm m m X ^ 

n /c ffi {I T ^ * §fe ^> S v^ {i ^ 0 >t O :X ^ J: t>' / S (i li 

33 . $s ^ ?I CD ^ 3fe ^ fe ^) €> V > (i ^ (D >t CD T- fT n S CD T' * 

s±ia32ie®cD;5-?£, 

34. $E ^ A^', ^ * ^ * 5 "-Mi CD if IS (5] M ^ ^ yjj ^ CD iB v^ ^ J3S 
*3fe-rS^fe{*cDF^T'fTt3n-5 t,(DT'^.5±g£ 32ia tie CD :6" . 

35 . gp m 6<] M M ^ # ^ c r e m m X' $, ± m 2\ti m (D -m , 

36 . gp ffi ^ 6^ a M ;^ P ^ (D IS si iE ?'J ;6^: L o x P IS ?ij T- * -5 ± 12 3 1 IE 

CD ffi . 

37. tilslM^ A$A^cD^u^^iBaflS*^'K.i4f5i;fflfla (ESIfflia) T' 5 ± IE 26IS® 

CD :S- & , 

38. ffi |5l a ^ X. ?iJ * CD ^ V^ Jffl JIS - 7 h U DT-40iiiBa flS ^) 5 ± IE 26 s£ ® <7D 

?£ . 

39. X^fc^cfc6*>'/^/c{il5J^^il;/c^^^fe#:^5VN<i^cDif>T-|:^ 
t.' ffl M ^ iM IS T 5 X g ;^ ^ '.^ ^ ± IS 26iS $g cD ^ , 

40. ^^fcJ;t>'/^/c{i^Jig^^l;/c^^9^fei*^€>iMi^cD^>ir?:# 

t.^ifflfla<Dii^;!)^\ - :^ - mi^ ^ (D mm. m-o < t cox $> ^ ±m 39m cd 

42. ■7-ti-m&^i)^y^Uy^5'¥^^(Dm^m^'^>^^i:?M (green 
fluorescent protein) it ^ S VMi ^ CD e5t M ^ T- S ± SE 40IE 
ic CD ^ , 

43. (d) Cfcl^T, 'l=S[5]Mi$l^$jj^cDigt.^^ini!ia*^'b^^D-t>'U^{lH 

/i^i^5^fe^**5l^<i^(7)rrJ^^: choioj ija (- -f^ a l . ?^ v^ T- , ,m CH0«I1 rd 
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V ^' ^ t xm. 

47. IS (a) (b) safcaR©fflwa«Aa*««.^~ME4* 

r, K & R » 1- 5 t. » * * -t E « ' E « * • 
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wo 00/10383 ' PCT/JP99/04S18 

50. 5^ P ^ T fifi 3rU « A $ -n /c £HS ^ ife ll£ -if" L <5t) S ± afi 49.iS W. (D 1j 

5 1. ^ - Y 7- -< y ^' ^ ^ ^ - m \iLn mm m.^ m (D mmuv^i -a; ^ . 

m. IS F/r M <7) gp fu c: # A ^ n S ± id 4 6ga IE CD ;4 . 

52. & iff ^ a*) M ^ P ^ <7) IS SB ^IJ ^ - y 5^ 1- > ^ ^ ^ - 
if A [5] B# {I S ti A {I . a S 6^ M ^ ^ ^ *: m T- t 5 ^ 

^-*:^g|5lffii^^^aI^®i^l^^fflfla{c#A l> SyisgPSii^^s^iMJ^^^^g 

4a ^ ffi fc^ 1,^ T ^ 515 ^ ^) S ^,^ (i ^ CD E5f >t (D X ^ « <J: t>' / 5 /c {i 
a ^ ^ ^' U «t) S ± IE 5 1 E ® (D }£ . 

53. %im*^ . ffilJcD^*Sfefef*:^6i.Mi-?-C0Bf>t(Dr^T-ff;bnSt-CD-e^) 

5 ±iS52iH«£(D 

54. $E )^ *i . ^t- ^ Sfe f* S> S ^ ^ CO >^ i: t§ ,m ^ ^ ^ (D V> H C 
*5l5-rS^fe^jicDr^T'ff;btlS t.(DT-^-o_hiB 52iE «fe «D , 

55. gP{aftmS5,m^^P**^'C r e^aT'^)S±!S511E«cCD^i£. 

56. ^ ^ 65 ,m ^ ^ S m CD IS li IB L o x P IE ^'J T? 5> 5 ± IE 5 1 33 «S 
<D 

57. 111 ^ ^ CD i« iffl 1^ «fl jia (Es^aM) t- «> s ± la 46fE © 
<D , 

58. ffl in ffi ^ ^ ?ij ^ (D iS JiS A^' - "7 h y DT-40^ BS ^ -5 ± IE 46IE ® CD 

59. X ^ J: a' / S «i $E ?: i b /c 3^ ^ ^) ^ ON (i ^ CO W >t 4 ^ 

60. ^ ^ J: / S /c (i 15 g| ^fe b ^'l- 3fe ^ fe $> S vMi ^ £0 rr )t >& ^ 
t.'*fflfil2(Dia&*-J. V-^-ia{s^(D^^{;ao'< t<DT'^S±5E59aEi|iScCD 

^/j '/£ „ 

6 1. -7 - ti - m i)^ m m t^f m ^ t- § ± ,ie eo riE m. (d m. 
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wo 00/lUJ»^ ^-^ 

fluorescent prole. n) ^ h ^ ^ O ^^W^'A^ ^ ^ ^^^^^ 

- /.{ilia's: ^^^^'^^ '^^^^^^^^ ^^^^^""^^ 

(1 ^ A ^ -tt 5 ± i£ 461E «t :^ -iS , 

46ia ic . 
46ia iSo © 

66. If t MU^fi^^^sa*^'^ g^i. S5fet^^?.i^^M-e*€>±ia46iaicCD 
i" 6 If h i) 1^ . 

69. i U ±l:/-^fe^*^^*'• 

( i ) V - ^ - m <E ^ fc^ =k t^"" ^ ° ^ ^ sa ?ij , J: / ^ «i 

( i i ) iifi'^Mwrn^^^p^'^iSiisa?'] 

$:;^-r'5fe<0T-*-5±ia68iam£0lft: hiftl^, 

71. m^^^^^fe^^*'' 

( i ) V - ^ - ii ^5 ? fc^ <k T- o ^ 7 la ?'J . *i J: t>' / * ti 

( i i ) gp (4 II w ,m ^ ^ ®2 
-r €) T' ^) -5 ji ea 7oaa a If h si . 
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wo 00/10383 PCT/JP99/04518 

74. h 1 4 ^&f|Sfef*i: t h 2 #^fet*:i±]^feX-*-5±ga70ia«Sc(D 

75. Mi^A^I-*^fe^^;{>>'H h 1 4 #?fefef*^ h: h 2 2 S ^X'S) 5 ±127012© 

76. ,m ^ ^ ^1- ^ ^ t h ^n m II 31 ? i: $M A e ^ §: ^ _h IB 

70!Sli6 to t h Ki !t^, 

78. ■7'i7 7.T'*S±E70iS«®#^H hiij^, 

79. W?$^T'$)S±iS70s£«J$(D#^li hffijtio 

80. i^T-^)S±iE70fE«SctD^^ t hiij!}^, 

81. \iy>'X'$>h±B70$im(D^^^hm^. 

82. .ftST-$)S±iE70fEtScCD^^t: hiil^. 

83. -7 h U -C$>5±IE70Sa«S®?^t: bffijit^. 

84. §fefe{*^>5 ^,^(i^^^)ff>^-0^ ^ S5 ck O-' / ^ /i Itmmiz J; U i D/cM^^^fe 

i\)^-ti-mB^iS^XJF^a;i T IE ^ij . J: / ^ T'c (i 
( i i ) gp fi: # M a ^ A P ^ CD lit IE 5^iJ 

. ^ h (D < t h - ^ 0) mm ^ V m i^mm X. 

85. JfflBa^'X'^ 515 Mi ^ © if >T- ^ a5t ^ -r 5 ^ T- o -C . TIE 

-lr;^t£Dg^^{rJ;U^gllM^$;^5;J^^D^|.^|fflM'\m^BE^^feSfefe^*^5Sv^ 

( b ) m HE ffl IrI 11 ;i yjJ ^ O jg mi iia (I fe_i,^-._jT5-§a^t--jfe-^^-^.-^.k-4^--?^-trN-i±- 
^ CD rr Ji" © ;Tr M i^) SP fi . 2i a' / 3Z. «i i5u E m m Ml ^- x. i^J ^ CD Si i. ^ iHlI jig «i [ti ilt 
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-t ^ m iM (D vn ^ (D {u. m m m.m K X u ^ - y ^ ^ y 9' ^ ^ s - 

Ji? A -r •5 - i: {■ J: 'K wiB ifr M !i "7 - ^ > ^' M 1" X II . ti =k 

( c ) iju IB m m Ml X m (D m m m B X . mB9\-^m^{^ ^ ii~ 

X (Dm }^ - ^ y ^' ^ 3 fi ^m:^ s X ^ !i )1 ^ * if L 

o X.fi 

^ ^ IH i£ , 

86. b h 1 4#$)Si^(i2 1 Si^^fe#:S^tD-t > h □ 7 E?<J « J: CJ^'SPfi^t^S^mi^ 

87 . !f# M 6^ M ^ X SI m © P.S li Sfi ?'J A^" LoxPie ?ij $) ^ ± IE 86 sS «ic (73 A X ^ fe ^ ^ 

M i ^ fe if )i T' ^) o T . 
( i ) ^ - ^ - m <E ? ct t>' ^ o 7t 7 ifi ^iJ , ii J; t>' / * /c 

i)^m ^.-^ o , h ^ CO < - O M ^ ^ ^ 1? E M ^ ;i 

^ f$ i.^{i^fe{*if>^ro 

89. h 1 4#^fe#:if>Vfc^i:t/t h 2 2#§^fef*»f)^^^t>±ia88(l 

90. b h 1 4§^fe{*IST>T-ib^ckt>'b h 2§^fei^:if>t?:#t'±ia 88ia ® 
O li ^ ;^ ^ fe § I'M* ^ f* ®f )n . 

9 1. t: h m m 01 it 15 ^ t5 J; t h m ^ SI A m ^ *: ir O ± IE 88E ® 

(D m.^ ^ Uk ^ ?> It ^ it m )^ . 

92. t: h m S m iS 15 ? J: t/" t N m ^ ^ k M ? # O ± IE 88fE ® 
(D M }^ i-Mi ^ fe f* ^ )t , 

:*:BBIfil»(i. M (D ^ 5fe m COS tll^-C- 5) § 3*111^11^ til®. !f#M¥ 10 - 236169 ^(7) 
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wo 00/10383 PCT/JP99/04518 

11 as c;) i|i m m 

H 1 (±. t h jft fe ( rr>T- ) i^i^ir ^ A9miM(Dmm (PCRft?rr) 

^ $ nr s (PCR(®lfT) o 
m 3 (i. 22^ m^i^m- xEsms^^m^ ^ ^ v '^7 t. v^t n m i is it $ 

ttr i-^ 5 d i: ^-t^^^iij^KT-^) -5 ( -tMf > ;|?T ) . 

H 4 (i . n h 22§ ^fe#:#A^^^v'^7.Jlg^(;fcM:tSt; h m&i^co (Dm 

HI 5 i±. in h 22#^fe{*:S A =^ ;^^V'^;z.{lfcM-tStlh}lfK?^m ( RT-PCR) CO 

lieii. t h 22#^feft:» A ^ ;^ ^ ^ {I S t h ite^^m (RT-P 

CR) (D^^^^mm.mm^MX'$)^ . 

117 ii, EMSttt^C: fc^ V^T t h 4#g^fe{*: ( »f ) ^ $ nT -5 C h 

H 8 ii, t: h 4 AE14iffflM1*{I S H h Llie J'JcD:|^£h ( -y- if' > ^ 

laiOli, TT2i^'t4^*^::^5v^T H h l4S?fefef* (iT>t) $ v^ 5 w Ti^ 

mili. tl h 14§^fe{:^^ AES|fflMi3fe^ ^^V'^T.K^IIfcMt-Sb hm^i^ 

ISA) 1^ nx . 

HUIi. t h Ifll^ T ;i/ y ^ > dp ^ V V -^7 7.1/1?^ i^it?) t h ini*: IgGii^/l! (EL 

ISA) 7i>^'^ ^ n-c 5 - - — 

[g!15(i. t S IgMM^}E/^'^' 7'U K-^ □ - >H4B7(D)fl¥rr (EL ISA) £0 ^ ji^ 
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Iff) t^Di^m ^ ^1"^:^j*Slj¥K'e^> ^ , 

fe#:S5:JJ-®f>Y /&^^^ $ ^"^^ '''•2> ^ ^ ^ '''•^ ^ (PCR^^/t) . 

ll|22(i« M V 14#^fei*©A^^ Ti7 7.B?MC*iV^TSifflflt^®{::ii b M^I*^' 

I1123li, pLoxP-STneo ^ 7 7. 5 K DNA 0 ^1 it ^ ^ L T -5 , 

I1125li. -7 -5 « ® ^'-^ ADNA©^gJi^/^^L-CV^S. 

y y A DNA (D -9- 1f > ^ O >y h tl^s^ ffl 1" -5 7° D - 7' ^ ^ ^ ^ ^ ^ ^ ^ ^ 
A^>i {I O V^■C 5^ U T 6 . 

y ADNA > ^'D «y h {i{5&ffi-r y □ - 7' i: *S 11 M ill ;^ {* T' tii ^ DNA 

if >t o v^X ^ U "C -5 , 

gi29{i. 7 7. m m >ts [1 ffi 1^ A f* -t^ -9-' >?j?i/T«^^ 4 /T^i-mm^sij^K 

II130(i. pLoxP-PGKPuro 7" ^ X ? K DNA W & 75 L T ^ -5 , 



wo 00/1 0383 PCT/JP99/0451 8 

n 3 1 (i , V X f>ic $s /c :$? - y «y 7" < > y ^ 1:7 ^ — t mmmi9iiJi^TT2vm y 
y A DNA (Dv-^'^y'u y h iz m m ^ ^ a - y' t mm m.^ ^ X' m tb ^ ti ^ ^ ^ 

DNA»f {I o (,^T .7^ L T 1-^ o . 

iii32(i, ^ 'y 7^ ^{^^^1$^^ m m.i^ A i:^ ^ M m mc'iism m (D > m m (D li^ 

I1138!i. t h ^fef*Bf>^- ( 14# : SC20. 2 § : W23) ;^ ESIffl flg {" fcM:^ S ^ 

I1139{i, k: h 14#^fe^^^>tC0^^X{i{:^{lfoMt5^^ttg¥WcDSS^?:^L-r 

1140{i> t h 22§^fe ( ) *: {^Jf -r oG418it1*MffiifflJ3Sa5PCRg¥#r(D^ 
H ^ ^ U T § . 

IIl43{i. k: N 2S?i^fe{*»f>T-".V23$:^|^i-5x">XlM?f4'CDt: hi5ti*:/c$I?gJt 

__gj:5{ j;, pBS-TEL/LlFPuro m:mj;^-Tfi^ 

|l|46(i. V DT-40^inj}ai*(I Jo l:t 5 t l> 22 3^ ^: 7k1-, 



WO 00/10383 

H 47!i . L ! FM {5 -? 01 ^M-t -5 ffl [11 ffl ^ X. £0 |5] :dl /t: i" = 

[1148(i. DT40/S22neoifffl)iai*(- fcM-t ^ t: b 22^^ f;^ (7) rr ?: /T^ "t . 

HI 491* , t>'rr >V fc: h 22^ ^6 f>tc {5i -t s - 7 h U DT-40^J11 Mf* ^ ^ 

T ¥ K -e S , 

UlSOIi. TNF-a ^5g=¥ ^ v v ;^ ttErfi" 4^ W MINF- a t: h Igy M fffi ii iD ^ 

HSlii, ^ p< ^ 7. II 3d (t -5 T V 7 P GMlilM^ 5 Ct^ ^ ^ ^-f . 

mS2.lt. ^ ^ ^ Z (I fcM-t S GM2JI M -r o Jt^ ^ ^: /T^ 1" . 
I1153li. y y;l/Tc/K07 7.**iillll^^lfflBa(?)FACSg?rT<^S^^ 
H 54li. y ^';l/Tc/KOv Ifll if 4" t: h lg?I^ ill 

[l!55!i, V V ^';l/Tc/KOv ^ 7.M.m^ \L V\gyV-^^y 7> it cD jaj! ^ ^ 1^ 5: /t^ 

[157(i, HSA^5^ L /c^^^l/Tc/KOT 7.mift4'^?)}5lHSAll h Ig/c m^^fffi©±# 
Il]58(it h AXSfefe^: A -HAC. >c -HACi'F M ® « «: 1" , 
HeOli -t h ^ ^ ^ — ploxPHygi: p I oxPbs rCO it ^ , 

12161{i3? - y f- 1- > ^'^ ^ ^ -pHCF2loxPHyg(F)£D.mji t M 1^ ^ 1^ ^ 

iS ^ ^ . 

Il]62ii ^ - y x > ^'^ ^ ^ — pHCF21oxPHyg(R)cD|^jt t [5l A <^ H ^ 
[g|63ji-$7 - y -5^ ^ y^'^-^^ -pRNR21oxPbsr(D^gjai:tailM^;^f*<^l^^?*^ 
11164ti3? - y 1- > ^'^ ^ ^ -pYHZloxPHyg(F)®^gjt i: IW] M X. f* CO I^i ^ i^ 
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wo 00/1 0383 PCT/JP99/045 1 8 

mem^ - f =r -i > O ^ -pTELPuroCD8A(R)CD^,\|iS i: [hI M ;l ^ 

1168 (it h 2§?fefef;fi±©ii3a7v-/7-C0#^t> CD8A«3fE?J3? c-^ □ ^ T h 
^>^ - h L/i^D->CD10{I^D^:r-6t S 2§S!Sfef;*:±£D3af5?v-7^-CD#?t 

[2169!i i7 n — >CD10{Z i> {-t 5 pGKPuro^ D -r^fflc^T^-FISHtD^S^^^T. 

IHTOJiCrefflj^ AP^^^^iEl/^ ^ 57 - pBS 1 85h i sDtO 4S it ^ ^-T, 

in 7 Ui RHF ^ D - > i: RHR ^ D - XI -5 i oxP $£ M ^^ 0 A X 9^ O li 4 

m 72 !i , RHF ^ o - > {I {-t S i oxPT^ I2 ^ ^ © ^ 7 A H ig; it ^ 15 ^ {f IS CD 

in 7 3 (i $5 ^ ffi CO /c ^t) CD PC R CD M ^ «: ;S . 

ig 74(iRHF^ D - > {; ^ (t ^ pGKPuro D - :7' h 1 4q t e r ^ "T" D — :7' 4 ffi t,^ 
FISHS6'^'2 2 #^fe{*!f#^S*j:^n-yi: l 4 § ife y D - y ^ /c FI SHcD ^ 

lll75{iHSA^^ L ^ ^ ;^ C- I Olfl ff cfj © fj^ HSA t h I g y & I g A i^: fiffi tD 



31 



wo 00/10383 

^ nfl ft: ^ fiiS -t -5 i!0 to m J>i <^ B 

M h^fef;t:^/c(i^^orr}-V^:»^^it-. .1^ '^fe fe (4^ * (i ^ ^ ETr n" Ji CD ii -? ^« 

(3) ±ia ^^"^^^^^^ 
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wo 00/10383 PCT/JP99/04518 

M m im ^£ m ^ z t tt, ^ ^ . m &l (d !k . ipa tf cd ^ vi? o «j fj: (s < . 

S-ri) ^IO^,^-C, t h lilll )ja iiH (C418. a. - D V f V > . yN-i- ^'n V i/ 

>. ^'^7. hit-r :>'>) m^^cD^ - 1> — mi^^ ^ ^mt ^ ^ — iz ^ <) mm 

Ie -t -5 w i: T' t 5 . C - -c- ffl ^ S V — :^ — ^ il fg] £jp (Z) (it) © "T" D — — i: 
LTfi, hhlfflflacO.J^^C'bt'. ^ 'i' ;^ES^iOflaco J: 9 4 ^^HMX'iclJ^ J; < ill < 

A^'M ^ L - CD g 6^ {I {iSV40x >y^ > +)- — i: ^b'^ 7. 5 i/' > 

=^-:'---t':^n ^ - ^? L /i t, ® (Katoh^b, Cell S l rue i . Func t . , 12:575, 
1987) , -7 ^ 7.?CK-iy'n =E - - (Sorianoib. Cell. 64:693. 1991 ) 

mm^±, 1992) ^ ^mmmi^^nML . miR-t. ^ z t '.z ^ o . mx^ntz^ 

3) ^col^-c^i, ^ < <^ t h iEm^fl&A^' ^ ^ □ -fe ^i/ff^^ig A^'^^S ^£^.^(7)T'. 

±ia£Dff^Kis^#: ^ ^ ^ D -t ^i/s^tg® ;s<--^fflsa<^j A ^^7.A9mm (Oshimu 

ra, M. , Envi ron. Heal th Perspect. . 93:57, 1991) t ±mm^'^ -t ^ Z t iZ ^ ') 

&3izm^-t ?> z t*mhnx^^?>^^, z zx'% h ntcM^^i^. ft^^cD^ — ti- 
x-mm^-t h z > (I cfc 'J . -^y ^' ^ ntz\:L V yk^w^'Sci'^',z^m-^ ^ z ni^^ia, 

$ {1 . 2 ) <D ^ {4^ 1 7^ /c -r fi!) (z . c CD iliffl IS 1* b ^ ^ □ -t ;i/ ^ ^# L 

ti -xmnr h z h {z X ^) .. t# n ^ ^ ^ □ -t a- ^ ^ 1* o ^ < ii , 1 ) . 2 ) 

PCR (.-K U ^ V --tf^^ ai > 'J 7 ^ V 3 Saikiib. Science. 239:487. 1988) 
it if > D -y h/fj^-tfr (Ausubelfb. Current protocols in molecular biology, J 

ohn Wiley &_Sons,,_ 1 nc. . 1 994) E-l-SJH-X-y-;V-:^-l^-y-lr^^-^->-y^-- ^ =l — js ^ 

7" ij ^-1- -t'- i/ 3 > . Lawrence ib. Cell. 52:51, 1988) ft-'i? rr J: U 33 -5 C 
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e.l. 51:503. 1987)CJ:U. ^ CD 14 d V - ^ - iS ? ^ 1^ A ^ ^ C ^ ^ 
^ gii ^ if ^ ^ A U V ^ ii ^ « I ffl V ^ C ^ S . 

c nf> li T -e 3i ^ $ n €) , 

^^i^comnmnm. pgr, ^^'>si^;t#c ^ o iin^itst a^co^h^ 

cience, 260:361. 1993) „ 
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wo OO/1 0383 PCT/JP99/0451 8 

/Vr ^ CO a S {I 1 o X p |5G i^ij CO |iTf A c? n /c <7 D — > tlj- CO . C r e M IIS 

P^X-mm.^ i> Z t iZ J;: <) , i\HiLn ^ 6^ A iZ J: ') ^ (D X • 'fS M ?f CO ^ 

W097/49804fc J; O^'Smi ih-b . Na tu re Gene l i cs. 9:376. I995 ?:#M 

oc>, ^/z\ ^ -f'T- y ^' ^ ^ ^ -<Dm xizmL x (Dm i.mm t Lx , -u 

hUDT-4 0jaijia(Diekenib, Nature Genetics, 12:174, 1996 ) CO J; o ^ ffi 

[^a^ Am^<D m^^mm ^m^^^iztt^x-^^, 

3) t h ^fe {^if -r 6 sfflSa d v^T , \:: h ^ o ^ T mm ^ ^m-t ^ ■ii - Y 
^ > ^ ^ - ^ mf&L . mmmt^Xiz j;: U ^fef*±(DF/f M©{5g C 5^ a ^ 7 le 

Sf*«:t#o, Itzhakifb^ Nature Genet. , 2 , 283-287. 1992 ; Brown "b , P. N. 

A. S.. 93:7125. 1 996 # CO C i: , ^ /z . ^ - Y y- ^ ^' ^ ^ ^ - (D m X iZ 
^.LX(Dm^mmtLX. -yhUDT-4 0$fflBa ( Dieken'b. buIE) 0) J: v 

Ki:mw]^s.^Amm(Dm^^mm.^m^^?>zttX'^^. hUDT-4 o mm^z 

fcM-^ 5 h h ^ CO 7^ O ^ T • h V > - 3 > {± ^ ^ {I IN T >J T If /T^ ^ 
tl . mil B r own CO ;^ !i ^ :$? — Jf A ± CO 'J t: — h 12 ?ij (I ^ t" S 

^cD-U-^iJ. i^^cofeg >v h -e t o (D-U{i;&: I tzhaki ® 5^ «z 

cknis. ti h7^D^7i2yij^^Au/i®^sfflat©-aT-s>-5HT 1 0 8 0 mm^ 
^ 1 2 0 0 0 m iz m. ^ X mm L fz m ^ 8 m (D m m m.i^ ^ Wim L . ^(Do ht) 
■r I m iz X ^ a ^ T mm iz ^ ^ X ^ ^ ^ ta L fz iz m ^' ^j: , ^fz. mmiz 
J: o r !i X n ?i T mm*^i^ X ^ nx h ^ > y - i> 3 > f* a^' ± < t# n ^ i ^ i: i ^ 

O M S tlT w^ ^ 3{)^ (Barnelttb. Nucleic Acids Res.. 21:27, 1993) 

mmm h h ^ > Y - 3 >i^^m^/zdbizi^ttji)^< tmrni^^xi^o^it-a^ 

^i^'p-tZt:^<'^^mtmA.. -UhVDT-40m^^i:m^'cLfz'rn^7- h 

> Y --> 3 > ^u^fz. ^ (D z t iz m.% ^ n fz s m m.^ 

A.i^(D-t ^X IZ \j^X , h ^ y Y — t/ 3 >A^'*e--:?-Ci/^€>Ci;'S:Mi±lL/c. 
i-:^ ± C ^ ^ n /c # A ^ fe CD e5t ^ J: g . t h & f* * a ^ 7. ^ T 

-fr/-- < ^.^)g{5? *: gr-K^i- S Z i: § ^/c. # A ^ n -5 Ife fe CO 1^- 
X CD /J^ lb (~ J: U . ^ A ^J3..^JJkM^.-{^Wu)^^^\^\^i^-^^^^K-r:^r^-i^rn =^:^^ 

^ z nt^simh^^h, ^ hiz, Uk&t¥(D<^im. iS ^ !i cfc u . m cr> Uk ill 
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;^.xcD® AC^^^-C t (Tomizukaib. Nature Genet. , 16:133. 1997) . Z. 

cDm^. mx^n^^^y-yk^i^r^^^xi^. ^ ^ 7. -c ^ -c ^, o /-j « 

b^fe^*^'^^^'-^^^"^-^'^^^-^*'^^^^^*'^ (Tom^zuka-b. Nature 
Genet., 16:133. 1997) . . M^h (Nature Genet.. 16:133. 1997) (D^ 

^{I^il^T^ill M4§^fe^*(^100Mb)(D^5^^«®^i^^^t>^^>^ ^^l^"^^ 

(Nature Genet.. 16:133. 1997) j: ^ ^ 2# ^ & »T >t W23 ( 5 ~ 20Mb h # ^ 
^n^;Rastan. Nature Genet.. 16:1 13. 1997) ^ * S ^ fiS ^'J 4^ ^> ^ 14§ ^ & 
^ir>tSC20(W23J:U^^At.OcD^^':.^h^^=^^fe^^^'i^^^^^^^^^^"* 

mLt^^) (WO 98/54348) . li 1^1 ^ ^ ^ x. iUM) ^l&Z-^^^^tV 

^ ^^q^flj. ^ ti-C ^ /c (R.Rarairez-Solisf>. Nature 378:720. 1995) , -15. 
- CO J: 9 ^^1* ^ AX Wu^^ ^ t h s^^fei* ^: «ftf^-r S ^ ^' ^ ^ 
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wo 00/10383 PCT/JP99/04518 

h i:i (r o I ^ -c <i C ;fa ^ -e- j|i S ^ I - , ^ /c « jii . m ?L m ^ m OS, X- 'i^ 7t 

C ^fe f# ^ S ^ # A I ^ fil (Mammalian Artificial Chromosome. MAC) 

- CD ?e TiJ^^ifi ^ $ n T 1-^ o (mx.lt. W. Mills-b. Human Molecular Genetics 
8:75 1, 1999) YAC^ ^' - CO ^ n - - > ^- +^ < X 4 M ^ -5 ^ y A ® ^ □ 

- ^ ly y ^ m iz -t ^ X nm^ it (D mm m ^ it ^j: . 

AX^fe^ (Human Artificial Chromosome. HAC) CO •f'^ M ^ H <5iJ (I ^ {f , 5) (b 
iJ'' L t h AXifefe{* A . /c -HACfTDi'Fi^ H o 3Z&^ S . ^ <b (Z (i . i^m^tl/z 

HAC(D -7 'y 7.mi^^(Dmx. HAcn^^^a^t h tAi^m&^co-? ^ T^mi^iz is ?> 

HACCO ;^ ^ V -^7 7. ^ M COIk ji !' o ^,^ T o . 

A. l::h22§^fe{;ji(055C^ 

J. E. Col 1 ins b . Nature 377:367. 1995) , C CO ^ ^ CO A 

X^fe{*f^M{iffl<-^5 ^r. A gilit^K^ ^ ^ X -cDllx n ^ TffiO 

ffig-r-SLlFaa^ffiCtl h7^Dp<7gE?'J$:1^g(W!M^^{I=l: UJfALT^a^T h 
'y>'T — i>3> Mi^h. Nucleic Acid Research. 26:3447. 1998) i" 

{3 S -r 5 HCF2a{5 «^M^^ ^ P^CreCD |?>^Se?ijT' ^ o loxPiE ?iJ l^a |5l 11^ 
^ C J; g ^f A L > HCF2-lg A -LIFW)tCO<^^^AX^fe^*^^MCfflV^-£,Z h t -t ?> , 

z(D 2 2 ^ m ^ i^m )^ ^ ^ ^ u - - y ^' -r ^ z t iz ^ 0 . -^rpT.cDm^izmm 

S. fSi- nj^tt S 2 2 #^fe^±(OCat Eye (.mA.lt, Johnson. A ib. 

Genomics 57:306, 1999) ^Digeorge I^^M (0'i^lt, H. Yamag i sh i b . SCIENCE 

283:1158. 1999) (omrn'MB^mm^mm^ z tt^X'^ 

B. b: h 2 iJ^ P^. <^_(DJ}SLJ^ 

t h /c iliS $t1 ia a ? ^ ^ ^ :57 - 2 fe f>fi ± 2p i 1 . 2 1" 6 ((MA.it, 
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Gottfried a. h. Ceno.ics 1G.5U. 199^) • 
cosVHZ304'r y A «« 1^ 



5 . 



pnQAv- K 9 S^fe^^fT>Ti 4 SC20i: RNR2« 
h 2 2 §^fe{*f5fn^cosYHZ304-lg/£ -CD8At h 2 §S5B1^b?t/i 

Nucle,c Ac.d Research 25:3447. 1998 ^ D i eRen ^ . Nature Genet.. 

12:174. 1996) o ^ -h- -r 

^t- (Nature Genet.. 16.13J, ly^M J ^ 
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wo 00/10383 PCT/JP99/04518 

;^ CO M Mil m , iJi- mmmR u ni m th jfc m m. m i:^ s & ii^ m m a ± t 95 % 

iii ± X- ^ /c. =t o T tl \- 21 ^ Uk {!i R a (D m }^ h ± mSClQ t m m h A I 

D . Cre-loxPS/ -r- A J; SHCF2-IgA -LIFt: h22S§^fei^irrJti: cosYHZ304-lg 
«: -CD8At h 2 f*:Bi >t COSC20± ^cD$5^ 

± IH A . B , C T' ^ U J: 9 [I , Sjl ^ t: h 22.^ , 2§mfef^^)^^§VN{i^ s^l 
mSC20CD\,^-rn*^ i \:^^t^-t i> -U h V DT-40mMt i^fm-r ^ , J^JZ, Cre-loxP 
X A 4 ffl V^-C HCF2-Ig A -LIFt h 22|i: ^ Eff Jt ^ S (i cos YHZ304- I g s - 
CD8AH h 2S2ftfef*if SC20± ^^^$-t±^/c<fe(l. m i)^ (D Sil ^ h ^ 

i^m)^^ \ ^i^^-t - u h U DT-40faMll] ,^ ^ ife^ $ -t± 6 :: !z j: o 2;$:tD 

asc^ti h^fe<*»f>T-*:^^-rs — -7 h y dt-4o^ as -y 'j >y k «: m -r -S . 3 

h U DT-40|ffl -f yj >y H 4^ T- m $ it T $5 ffi ^ -y: .5 ft 2 tD # [5] 

A.J.Smithb, Nature Genet. . 9:376, 1995) . ^ h :^ mm (D 1^ . f^&^ 

m^i^mx i^^^ < . ^^'&(D\i h m&i^mx'commx' $> 'J . ^ cm ^ ;^ ^ 7t)^' 

fS < 4' rT fg t. # ;i b n -5 , -v ZX. as ft 3fi U 1 oxPF^ T' ffi ^ ^ c o Jffl US 
& 3l3R-e t o .-tc X ^ 7*t u 3 > 2^ ^ # A 4; < T ,'i4; b 4 

A. J. H. Smith-b (Nature Genet.. 9:376. 1995) !i V 7> E S #ffl flg f T' , 

i2#^fef2^ i5^m^i^ t ^ cre-ioxp-y 7. ^ ^ m ^'x mmz^m^ it ^ z t >.z 

^ L /c „ ii Hprt ( t: >i< =^ +1- > 5^ > . ^' 7 - > ■ 7> U ;l/ • h ^ > 7> 

i: 3' {ijgp^ ( loxP?: ^ t ii^n^'tllZ^, 1 5# ^ fe (7) ^ H {I |b1 M ^ 
;t(lJ;'J|fAL/c, xLT. Cre^-iitt^m^t!-. 1 oxPF^ T- ffi ^ A ^2 Z o /c 
i: t CD ^ {I Hp r t il a ? *i H tj?> ^ ^ ti . ^ » ESHfl ^ t: =^ -y- > ^ > ^ ^ ± 4; V ^ 
lib (HATlgtfe) T' t^MT- * ^ J: ^ C 4: ^ ® il 5^ S fi , Hp r t M ^ IS iiiOi ilS 

4 1^, ^/c, Qin. M. ( PNAS 91 : 1706. 1994) i)^ ^ ^ L X - ^ J: o . HprtiS 
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T J; ^ ^d: V X A 5: # ^ o 

^©GFP(Green Fluorescent Proie i n) iS 15 ^ ( f^J ^ !^ ^ Prasher. D. C. b . Gene. 
1 1 1:229. 1992):5^t>'r (DK^f*(<5'JAI^. Heimb, Nature. 373:663. I995);()^'gl 

(Dx. ^m^(Dt^, \^i^^tmmmx'^^9 -t^ zti^^x^ ^hr^. gfp 

^ ^{^(D >i.->'x ^ ^ ^' ^> 3 >^ - ^ - L T , GFP3t^? ffl v^ ^ i: i: L 
/- yD^-^-^^S^C''^GFPiE{5?«:SC20± RNR2m{5?^(I 

loxPili^dJf AU. GFPcD^mC'i:^g^^:7'D^-3^-?:ll b 2 2§^fe^±© 
HCF23i {5^^^€>'.Mi. 2^m^W±.(0 cosYHZ304 ^ y A ^ CI oxP i: it ^ A 
fS, Cre{Ick-2>loxPi2?iJF^T'CDM^^*^'^S^^^^ -/ U ^ - 1? - t t 
A^'ii^^^. GFP*>^m^S J:9fl^^S. - CDrfai^x.^Mli^3t^^^tS®T'. 
FACSt; J:5y-x^ fl L J: ^ '.i . GFP<D ^ IE (i^I Bt T- 

ti. ,mi^^$S^?:±tf •5/-c«t)C> Creffl^^^^1:-3§'i4-e(i^C < > ^ ^ ^ ^ 

(DJ; /j:^giiH*i«.^-C[iCrelI^AP^^-iitt«-fS^^-ti^^- 'J ■ CreM^AP^ 
CD 'fc M !- ^ > 1^ ° - ^ 'J ^ '-^^ ^ ^ ^ ' L L . ;^ ^ nfl *i "-^ -C 

li, DT40/^1' ^'J -y Y^X^^i.m^^tzmk<'~'^^'^<^^i>^^f-'^ ^ Al/^fef^?: 5 
^ □ -iZ fii (mi crocel 1 -mediated chromosome transfer: T . T MMCT J i: 
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wo 00/10383 PCT/JP99/04518 

•t. ) «^ ct U ^ -\' -f — - X^N A X ^ — CHO#IO Ua ^ A ^ i± -5 /c , I^A5feT'*S 

fa 13 > h D - ;Ki ^ /j; < , M (I C re,m ^ 3g ^ ^ ^ m ^ 1± 5 C i: oj fig 

?^ai^s7&^\ n^hmm i:^mmx'ii, h v ^n-Aomm) cfco^r, 

2 * IMa |5] t h ^ T' l£ fiSt lij U /-I CD (i * ^ BJ ^i?] T T' ^> ^ . 

± i£ A , B . C . D ^ /T^ L J: e> !I . y h 'J DT-40$ffl flg^PT'CD — ilOxD 
^7h7>^-i/3>i: Cre-loxPS/>^ A tl J: S §^ $5 ^ «: ffl i n § - {i J; 

If-fX^M^S) t, ^^^cSC20|fefe{*^ ^ ^ -±CD loxPgPlu (14pl2) iZ ^ U 

^-r ^ z t i}^X' t . z ziz\:: h Aum&i^mm-y 7.7-i^.^mmx' ^ z 

Z ',zm^ L h A X ^ fe IS ;^ ^ A ii ^ 7 h U DT-40#ffl flS T' ^ Tb^^ M 

ii V ;^Es^t£eji&*^'^ f> tiT 5 (;t=aKR«-, ^ ^ - ^ T ^I'i^ u - X8, y 

— ly ^ — Y ^ ^ ly 1^7' , ¥±tt, 1995) . "T^t)*), iz ^ n ^ \^ h XXm 

^i^mmii^ T^Esmm^z is^^x 'ii- o z t mmx h ^ , u u ^ a^' b . v-^t. 

(ft d (i it fiF (<5>l^(i, ^S^fflflSco^^) i: A^' ^^^^ M i: ^ n -5 (^}iR« 
ml IB) , ^fz. ^A^fef*(7Da^(zJ:oT(i. ^'fbL-CLSoSnt;*^ 

(W097/07671 ) . -t^jititb. -7 T^Esmm^z it&.±(Dmm,-^.^^ h ^ fz sb , xxm 

^Wm^(Dm t L T iiS (i— -7 h 'J DT-40if!fflBS ^ij ffl 5 - Ti^'M * L v^, 

- . ^ 5te fi^'J {3 ^ U t h ife f* |5] ± ,ffi ^ A /£ i:t T' < . t h © F/t M 

tD^sJi!c im)^) 'y T^Esmmiz^i^r 0 xm-ai^iz^mm^ -tt^ z tf^n^ 
X'$>h. zn\tmxi.t. iikT(D{\ ) ~ ( 4 ) ® # Hi T' w ti T' * o , 
( 1 ) ^ 7.E^mm.u^(r>yk^{^±.f.zimmm.^^',z i: ^) m^um^^m.^ xmma:> 

(- (i 00 ^ T IS GFP^ CO V - ;^ - ^ ^ m $ -t± S /c <Jt> CD D t - ^ - ae J?IJ 7t)^' ^ ^ n 

^> o I oxPflB cD.M-A-gBiajj:^._v_rt7_^,^§-^HB-ig-fe^-(r-jpf--r'^^^ l-^ ^ /^ t- 
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wo 00/10383 ^^m^ 

(D # A . B 9 o 
(2) -A ^^fe{;^^±cDmM^0^i-^^DT□^7{IlJl(^TO^76e?|J^^^?AL> 

* -5 ii ^ fi ^ ® l^^'j^ ^ ° ^ ^ ° 

(2) -B i::h^fe^±<^mMtD^i^<D-t>bD^7(8Jl{-gPffi^t^f^Mi^^^ 

(3) ±E (2) Hfcn^-C{'PS^$tl^.t h^fel^^ (»rR) $:CHOffflS&{-^^D^r 

(4) ±E (3) XM'PI^^ ti/.li b^fei*^(»rjt)tiS^TS^'^^ESffflfla(-*.^^^ 
::U/.liMtIi.^v^T{il5ia:^0^-^-ie?'J^GFPa^i^*^-3i^U. GFP*^'^mU. 



Dieken^ (Nature Genet.. 12:174. 1996) (i. a5t ^ t: h ^ ^ - ^ DT-40 
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< ^ a -iz i m -r ^ z t :/}^ fa h n X >) ( m ^ , m. ko i , sc i ence 

260:361. 1993). ^ ^ iZ J: ') \l h A X Uk & ^ ChOB h ^ ^ ^ ESm M ^ ^ X 
L. ^ h AXKk^i^^i^i^^ ^ 7 T.^i'^m-t h Z t § ^ t ^ A. h n?> . ^ 

HAC ) ? ii -r -5 ^ i: as f# T' t -5 , 

mtZM^h(D^^ ( Tomi zuka , Nature Genet.. 16:133, 1997) 

^7.{zmx-^ntz\^ h^fe^^fit h mm^mm. ^z ^ ^ \^ , ^comv'i77> A9iffl m 

x"^7.ES^flS(z^A^n;t?^, =^ ^ v-t? 7. t>' ^ (D ? fc^ 
v^rMtlL/z, *Amfe#:±Ot h'M'ATCym^U h it 1? > i7 M ^ 

^KD^^fi. ;t <S t h frLf^iife? {I o ^.^T 511?: $ (Tomizuka^, , Nature 

Genet.. 16:133. 1997). - :^ ^ t h §^ Df ?L It 1^ i: <i iKb 6^ {I gin /c * M 

(Dmrn^^^ L /cit^d 7. 4^ T- m ti 1- S fg ;(3 ^ LT V^ S o C O on 

T <i C n * T- J: < o T o /c, -U h V Dl-40m «i h U * * T' ^) -5 i: 

o iy.^ (r t, . [SI M gl ;^ ^ N(Takedaf>. Proc. Natl. Acad. 

Sci. USA. 89:023, 1 992) i: i-n 9 -(4 M & o T U . A » A U /c tl h ^ fe 

^S^k^nx U^^Sn=fc*i^^4a/t, ^cOPnlSf-ovNTcDHi — coW^fiOieken 
(Nature Genet. . 12:174, 1996) - "7 h 'J DT-40|ffl ga ^ ,@ * L tl h 1 1 # ^ 
$: V >^ MEL^ffl la {z ^ A t /c i: Z 6 t: h ^ - y D f > it a ^ CO ^ M 1^ 3!)^' 
iklh-^ titz Z>Wl^-Z'$>^*^. \1 h ]&B "f- CO :^ ^ U ^ JU X' (D mm . 

mm L rz]^ h 1^ ly ^(DmmizmLx it^tzm^yb^m^-, :^miz ^\.^x 

h V DT-40^ m^m^Lfz\:: h ^ ± ® t h 'MB ^ A V ^ M 'A B ^ iz - \i ^ 

^ > ^ n*^^ 'y 7.mi^iz^\.^xmmmx ^ z t i ^-t , -u h u dt-4o 
mmiz *j vNT^^iF ^ n/z t h 22#ii^fei*^>!r (n h a y v > a si it {5^ ^ 

^n/c. $^{it:hilii?»7;i/y=> (HSA)co^&S {;f£;S^ LX mm^^mm 
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wo 00/10383 



(2) ,Hk^fi^tt^.^^f#-ro.^^^^-^^^^&^**^^'^^^^^^^''^^ 

ifferentiation. 48:83. 1991 ) - (ESJfflM^ Evans^. Nature. 29 

0-154 1981 ) . Htt^M^fflSa (EGfflM. Matsuib. Cell. 70:841. 1992) *^ v 

^fi^3tl5^tS^^fi^^-^ (Joyner^. Gene Targeting. 1993, 1 RL PRESS)^(D^ 

9 9 2 > i 1 la ^ n 7- ^ -i* S ^ I® i: ^ ^ n ir ; U S4 ^ 1- 5 ; ( C J: 'Ht ^ 
31B.J^t^'^..-^-^^^^^-^« ^^^^^^^ '^^'''^ ^^'"^^ 
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wo 00/10383 PCT/JP99/04518 

t h fei*±CD v- - - (G418»tt^) (1 J; U il& $ {Jt ^ Jfli 

ct -3 II L T fiSIS $ nS, ills $ n/c SSIfflfl^Ti^ Jfi U y y ADNA$: ^ ^ 
P - 7" i: L T t: h '-ff^e^]^ U 31 L iS^iJ (LI. Alu^. Korenberg«b. Cell, 53:39 
1. 1988) , t: h iSfe? ^ « v^/.-y-if >^*fTii cfc U ^t£b ^ n€) . ^ fz . t: h it 
a ^ ^ 6*] :7' ^ ^. -7 - {I J; S PCRS . t>' t: h ^fe ^ fi*J ^ n - y ( L i chier , 

Human Genetics, 80:224, 1988) ^ m tz y )V I' v 1/ 7. y ^ ^ zj. — /\ 

^ rv ^-c ^'-i^ 3 > (FISH) m(^m^t^mf}Ti~ J: 0 mm-t ^ z ta^X' ^ ?> , 
(2) xm h ntzEsmmm*^ h (D ^ ^ 5^ T.i'fmii, < tgrR«-. /w^v 

^ 7 ;i/ u - X 8 s/' - > ^ - y ^ > y . ^ ± a , 1 995> ^ (z IS $ n i£ -e 

iijR 51 O T ti. ^n^'tKDES^Mft (I O i- T' (H^it ^ n/c^f^t^ ^ ffi -5 c 
i:7!)^M^Uc^„ CBAXC57BL/6 Fl ^^(DJl 2 mM (Sf^fe. Yagi 4> , An 

alytical Biochemistry. 214:70. 1993) {- O T JiBa 1 b/c ( a -fe . B * ^ 1/ T 

tt) «>€>t.MiicR(afe. a*^^u7tt) ^^(D 8 mmmM^m^B t Lx 

ES$fflJISft ^ ?± A U /cM *^ L X' "^7 {I {-t S ES^aaacD mSJi^ ii. ^ (O^ 

{c J; U ^ ^ -r 5 h -e t 5 . fa L . € < S iSJt 1. n ^ t,^ 

7. M {- ^bM:r 5 k h S^fef*iD J; U M il $ n y y A DNA ffl 

-9- if > ft? */f . PCR^ (I i o -C fitlS -r -5 C i: ;!)^' T' t o . 

}feinRNA(D^m(i^fflMaifeRNA$: jll^/cRT-PCRi£ (Kawasakib. P.N.A.S., 85:56 
98^J_988.)_. L^=^---y-^-f-J=^^^m-U\t-s-n-^^^^ 

n\y ^ Jlo:>-^m.li, ^ ^ ffi |nj S a M i: ^ 35 ^ 5c C6 Wl fR /j^ II L K t h ffi £1 
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wo 00/10383 

7Ji. 5i'eM^±+^'f x>T -r 7 ^ . i987; sjii. mMmj^mm^^m^&, ^ 

1993) . 'y JLTs^ yy'O y hm (Ausubelb. ijtl Id ) 
m^W^iiJ/tf^ii^^^^-'Jffl ^^^^-f y -^W A^+iT (Koi b. Jpn. J. Cancer Res.. 
80:413. 1989)^(1 J: Ul^di^nS, ^ h ',Z . ^ ;^ y -7 ^ 7. X' (D \l h 

J: UI^£b1--5 C 6. ^7^-- ^ 7 v 0 ^ «: t: h S IF. ( <9J ^ 

(Dt(D^zmhn-r. jj: < 9\-^m&i^^t^ii-^<^^^ ^^^^ ^ 

/c(i^cD»T>t±OJtl5? C i: $:f#®i:1-^fecox-$>0 . ^ O * ^ i: t 

-S^i^ffililf CPS^^^^-S t'^-eti''^''^. ^mm(Di5miz^') ^ ^^y^ 

ES^iM)iaa)fel3iii7 >y h (lannacconeb. Dev. Biol.. 163, 288-. 1994) . ^ 
^ (Wheeler h, Reprod. Fertil. Dev.. 6. 563-. 1994) . 0 V' (Simsb. Pro 
c. Nail. Acad. Sci. USA. 91. 6143-6147. 1994) IZ^i^^X^^^n. $ h iZ A 
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wo OO/1 0383 PCT/JP99/0451 8 

m. 19954P 10^ ^ISFJ. JtaittliiS) . S/c. t >y ^i^.^-CliESa^tlBJ]^2 (EOiM 
U) $ b (i-?- n 5: lO-f^ ±,«'f-^ L T t§ b n S ± -I* )]a e& il5 <D =1: f^M ^ ti/z 
5feSmiP;{)^'iES 5fE^f C <t f> nx 1-^ 6 (Campbel 1 . Nature, 380. 64-. 
1996) „ tl ES^ S l.^(+ESalfllfla ^ S^asa i: U /c :$1-^^fef*^ A !C i T 

^ ^C3e^iDM^*l^$S©<%ji^jiJl(Cj;tj, ±iEES$)-5 t n (i ES;^ ^ fla J: U 

o /c, n ^ T' t >y i/^i^ fLJISfflflS (Wi Imut <b , Nature, 385:810. 1997). 

i?, ^ ?iffl flS (Schni eke <b , Science. 278:2130, 1997). ^ ^ 7.^^(D 

IP fi: Iffl JiS (Wakayama ^ , Nature, 394:369, 1998) K — h L * ^ ^ ||3 ^ (D 
^ *t C J: 'J ^ nl /cC M *M# ^, n h ® ^ ^ ^ S , in ^ -L , D - > -fk $ n 

J: U . h ^ > 7. S^' 3^ ^ ^ t (Schnieke h , m ^ tf ^ iy (Cibel 1 i , 
Science 280:1256, 1998) M rI T* * €> . 

Sfi ^ CD nj ig -U- ^ ^ h # X. n S „ Z tX (i 0"] X. , J^A T CD ^ J© ( 1 ) ~ 
( 5 ) {I J: 'J rT Bg T- -5 „ 

(1) IgA^l§g$:^L>th 223^ feii^ ?:{SJf-r-5:::i'7 h U DT-40!iiai fiS C ^ T JJ^ T 
© ^ A . B 9 . 

(1) - A H h 22|fefe{*±cD lg;L © X □ ^ 7 fjl ^ □ ^ T i2?ij 5: A L . 

^) !tt M 6!) ffi ^ A ffi^ ^ CD IS LIS Me ?ij , m^\t\ox?mn^m x-^ ^ , loxPie^ij 

$: ^ O ^S? — ^' 5^ -r > y ^ ^ ^ - li {{^ij ^ (i' T gfi GFP^ © V — ^ — ^ ^ ^ $ -t± S /c 

( 2 ) RNR2ia{K^^ (I loxPgcy'i;&0'GFPjaa^;b^*#A ^ ti/c t: h 1 4 ^ft (!i rr it 
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(3) ±iB (2) -cM'fS^^n/cl^ h^fe#^(rr)t)?:^^1-S^'^^ES?ffl)ia(lfc^''^ 

(4) ±E (3) tlfc^'.^tH^^^n/.,m^;i^ K^fe^ (^>^> ^:CHo?aBa{i^ 

(5) ±ia (4) T'tt^nT-^t^m^^t: 

(Cibellib. Science 280:1256. 1998). 

^t^^ ;$:^0J«l5oi,^T, ^ 5|5 ^ fe ^, § '^^ Ji ^ <^ ^ >^ ^ ^ ^ ^ ^ > ^ # 
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wo 00/10383 PCT/JP99/04518 

T T- p w L . -^(DWim^m'^^m^coiiLm. m 7i< f h m ^ z t x- ^ , 

* S I Mi * /c. =^ ^ ^ t: h Si ^ (i ^ (D ^ (D M > iT^l liS * €. i Mi ti 

5E -ft L /c £D ( C?iJ ^ fi . 5 X □ - V jfll Jja i: (D afe {I J; ij ^ ^ -ft L /c /^ f 7- 'J K - 

^ifflSa, ?:nD-x'JfflSa, SPg^JIS^) C#AL> ^ flS & ^i-* §^ * (i ^ 
tDMil!f#S61]^cM*^S SM^) « S JR -r S C i: T' ^ S , ^^^j^l^Ji 
m^a^h^''^y^— . Y Ji ^ n h ^' y — . 1^ u h ^' ^ y -i — . 

■^mmm ^ o -7 h 1:7' V y -i - ^£ t'(D{ii^(D:Bmizvt^'cmm-r ^ z t hj^X' ^ . 
m^it, tKw. niz M h mi^ K^: t' ^ m if z t ^ ^ , m^i£. mhrifz^ ^ 

fchfiti^ite^^^'D — — >^''L'. ^-V'-Y — — X/NAT.^ — ^P^iaflS (CHO) 
^ = X D - ^' JfflSa A L T b h ^Mi- o C i: *^-C' t -5 (Lynette ^, Bi 

otechnology. 10, 1121-, 19S2; Bebb i ngton ^3 , Biotechnology. 10. 169-. 199 
2). 

±) > iPim A (22#^fef;fc±) t"' tl CD iS ? CD ^ f}| fi2 3^(J (D A gP i> f# L 

^JICO h 7 > 7> v^' 31 — -y V '> 7. (Creen<b, Nature Genei i cs. 7 , 13-. 1994. Lo 
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nberg^. Nature. 368. 856-. ^ it U T . ^ h *S T li^ ^ n 

(Green., E . Lonberg.. I. IS ) . - • ^ ^ ^ m M ^ L T ^ ^ ^ . 
^^-r^V'^T.'&^^^TS^i:*^'^^^^ (Greene, ml IH . Lonbergb. BU E ) = 
^SA : v'>xm^i^«ESJfflB&iJ J:t/^':7^i5t^^^^tt^^ 

;^l)t#^®<5? ^^^^^^^^^^^ 

(Joyner.. Gene Targeting. 1993. IRL PRESS) *: ffl 

i^J^liloxPiS^'J (CreU:i>ei---fe'tCj:.;m^^^^« Sauerb. luE. i^'-FlP 
Un Vll±--fe'-FRTSa?'J^ffl''^?^cO'Gormanb. Science. 251, 1351-. \99\0m 
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wo 00/1 0383 PCT/JP99/04S1 8 

A.m ^£ ill ^ T « liS T 6 . -7- <s:) M A ^ V — — 31 (5 ^ v- |i fjij CO y' — ;f7 — 

mB m m -t ^ z t iz ^ -:> X . m m {"f- ^ ^ >j M-t z t ^< V ^ ^ . 
G4\8m B J- m X mw'i ^ m X n ^ fz m . \i n.-a^ ^ y ym^imB^ 
ffli ^ X in] ffi ^ A «: 'fT V mm(D T \y )\^ 1 1 >!Ki¥m%^m{i.^ tu^m ^ n tz^. 

(i . 1 . ^ IflJ W il ? CD i!j (I if A L /c M ^- A ge ^IJ CD T' , g{5 if# ^ 6*) M 
255-. 1995. ^±a) . 

3. 2. ^> SIM its ^ CD Pi IPJ COT U v'l'JbiiK^^ n/c V 7^ ES^ffl!g{; 

^ ^ TP^Jtfi^ . ^Jx.i^CreU 3 > t'^-if (Sauer-b. mlZ) z: - 

m^',z.m XL . \ox?mno:)f^X'm.^mxK]Z^ii^iS,z ^xmy^ (Dm.^mmmB^'.:^ 
n ntzmmm^m^^i)^^.^^ ntzmmm'Si^m^mwit ^ {mmw-iBh. 
mm.m.^mm. ^•^^%(Dmm^m . P255-. 1995. m±^±) , 

5. 4(Dft(M#:M$i. ic mx^^ ^ 7.^s,mM) ^^m-muh L tz ^ n ^ jvm. 

^ {" ck «J , ^ '14 V - - ( 0y A G4 1 8if& tt it ^ ) T- V - ^ > y $ n t h 

6 . ^ X' m h ntz m ^ ^^mi^ t L tz ^ ^ ^ ^ jvm^ ^ ^ z t ^mm 

©itv-^- (^J ;l t: ^ - D :^ ViWttitfe? ) "c ^ - =ir > i^' $ n h M 
^: ® A-r 5, 

7. e^cDm{*?:ai^fei-S-i:AiT't'&i^T'>;^^^ (fi'ij^fi RAG-2 y v <7 T ^ 

^ 7. . Shinkai ^ Cs U ._fi.8^-^^ KQt^? \^-^\-p-^!^-)-^r-^-i'-fT-Y ^ ^ . k, 

ilamura'b. Nature. 350, 423-. 1991 ) "b 'll? Jffi ?S ± h L T 6 T- 1!> n E 
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wo 00/10383 

smMt(D^>^ 7 V ^ 7. ^: f'F r^3<; § . 

8 . t# b n -5 ^ ^ 7 T 7. io t> -C !5 ^ ^ i:' tieifl*) 4 B 'J > m liES^B IIS I- Efel 
Jfe-to ( ,g ^ b , iJi E ^ SiJ lie . W^©M<g^KW. P234-, ^±1±, 199 

^ i£ B CO 6*] 

b O 52 12 C J: 0 t# n H h a il *i i: t>' S II # ^: ^ m i- €> v-^ X ^ 
7., ItflE, /c y 7 ^ 7 h Chenb. EMBOJ.. 3, 821-. 1993) i: 

t hfnf^mm (14#) /c ( 2 #) , fJii^Sfl (14#) ^^mX (22 

§) ^SvWitl hmf*Sm (14#) -^11 /c (2#) (22#) r^Ot 

a {5 ? ct U t: h © Jai*: <^ ^ ^ ^ ^ ^ « 
r -5 ^ ^ ^ it f5 ? ^ ^ ^ ^ ^ ^ « ffl ''^ S ^ i: T' t 5 , 
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G418itteiafe^^*-^t^y 7 X ^ KpSTneoB (Katoh^j. Cell Struct. Funct., 
12:575, 1987; Japanese Collection of Research Biologicals (JCRB). Depos 
it Number: VE039) *$iJ|5gP^Sal I (M/lit) -cmtitL. t hiE-^llli^-^iS 
HFL-1 (RIKEN Gel I Bank=fc <0 \ ^ . RCB0251)^^A L tz^ HFL-llfflSS^ V ^) -f 
-> >Ma L . SxlO^ii/iBl i -5 J; 9 -y n cD U ,y ^ ^ _ (pgs) 

LTA^ lO^i gDNA#i£T'2: >=- >^-?;U-9-- (^^-fTl-^-y K) ^ffll^TXL/ 
9 V u^.u- 3 y^aU -^fz i:Gm^. $fflflSX^^-^^fP AP^. ^Ife^:, 199 
2) o 25x^ F<D§fi-eiOOOV<D'^EE^4mra:g0 j:^ U h o -1? U - -> a > -tr ;b (16 
5-2088s ir ^ -j K ) ^ m T MiS EP JD L/Co hP^°L/-v3>L/c 
fflJ}S^15%4^S^I,tJfliyff (FBS) ^-^tt] L /cf - ^';UF12±gite (JilTF12> i V^ 
9) ^^t;100mnii|ili±S#ffl X 7^ -y V i- — U (n— ^>i?') 3~6t>C«Cfi 
SL/Co 1 S m{C200x^ g/mlOG418 (GENETICIN. ->^--7) ^^t;i5%FBS^^jD L 
/•cF12i$ttiIi S ^ i^;t/Co 2~3ilPBm{c^ D n n ^ - lOOMH^g ^ — o ® ^ 
a i LT52i:''^U- 3^{C n-?"n ^ i 100 mmv ^ -V fcHOltM Li^S L fco 
v'>xA9^EBS!2 (Oshimura. Env i ron. Hea 1 th Per spec t. . 93 : 57, 1991, JCRB021 
1) ^10%4^S^iSlflirS (FBS) ^gS^D L T^c ^'yb'^ -y n a^^-r - i>" ;HSifi (J^TDM 
EM. 100 mm •> r - T'igg L o 52 ^' - ^cd G418itttHFL- 1 Ifia 

SS^ 155^4^ I^i^]fil?f (FBS) i 200 m g/iniOG41S^^»n L rcF12tt>-es -etL^'tllO 
Omm-> -^^ - U -e±^« L /Co -j? x A9iPfflfl!2 i HFL- 1 $i US ^ h- 'J -7" -> > >5!0: S ^ n 
nH^co — .i^^a^orl^ L . iOOmmv -i- - CftH L 10%4^fi^i^lto>t (FB 
S) ^i^Jn L fcDMEMi 155^4^ H^MlfarS (FBS) ^ ^>^D L /c F12 i O ^S?l ^^fel 4" 

P-.J^._J-9-923_{C4e.j^_^n^U^^-;^-^-*^ti^o-/i— DMEMTffl^ 

2ml CD PEC (1 : 1. 4) 1 f^rB^H L . 3^ 2inl<7DPEG (1 : 3 ) m 



.cJ:?)»»L, 0 9.<-<> (IxlO-M, .>y^) *iJ:C^G418 (800«g/.l) 4^ 
fr.«i»tRJS«!l (lOKFBS, DMEM) ICBSL. lOO.m - I- 3 tSt K «« U o 

(800«g/»l) «*t-««tg* (10%FBS, DMEM) UtSStfc. 

'«,tffl7v;i:^ 3025) Krajas«*<7o~8o%iaagKs-?« 

SOOOrpm . H#P.Tff>it 'L- ^ rr 'i ^ » - 7 n -c ;u^r ,...iiu< 

:.o^-«*^tL^-. s?o->*<Rt#-r5thSSfe(* (2*, 4S- 14S- 22 

fflEI¥->K7.7, *±a> P.127-> 
( 1 ) PCRWtfr 

«Lfcaia*iS«U aia*^4Puregcne DNA IsoUUo. kil (Ce.ua S,ste 
^^,,^,,,_tH,-TPC8ST2, 4- 14, 22#th*&i**)S»#t^7 0 

S«...T;K HBJmKB. 1991. *-^;U*^^^-'«eneA«p 9600. Perk 
i„-E,.era*(8ffl) cSE.-n^o.^. ^aa* U . , -*-«PerkU-E,.ert±Stffl 

94-C5»41*^^^^ff'^^'^«^ Stt94-C15», T . - •) > 

Geaetic Maps.eth 

edition. Book 5. Cold Sprin. Harbor Laboratory Press. 1993 ) ^a-^Mti 



wo 00/10383 PCT/JP99/04518 

-^ — ij- (Polymorphic STS Primer Pair. BIOS t± ; Weissenbach k> . Nature 

359:794. 1992; WaUer'i. Nature Genetics. 7 :22. 1994 ^) ^m^^f:.o itfe 
^ TT- ^ -r -7 - (iGenBank. EMBL^ t"' - 5'^-:^<fc'9A#LfcisgiE^iJ^^j<!:(C 

^fei*:(co(,.>T£lT©IISg(?'J-e/T^ (2S : HiSS^'J 1 . 4 # : ^J£^J 6 . 14 
# : USE^J 9 s 22^ : ^S£^ij2) o 2# ^ fe{*co [H ^ ^ilT (c ^ it £ -7 - 
77 -RC^'^Sitt^ - ^ - (Polymorphic STS Primer Pair. BlOStt: D2S207. D2 
S1T7. D2S156. D2S159 BlOStt) ^ffil>/Co 

C/c (immunoglobulin kappa constant) : 5" -TGGAAGGTGGATAACGCCCT (iE?iJ 

1 ), 5' -TCATTCTCCTCCAACATTAGCA (lE^iJS^-^ 2 ) 
FABP 1 (fatty acid binding protein-1 liver) : 5' -GCAATCGGTCTGCCGGAAGA 
(i2^iJ§-^3). 5' -TTGGATCACTTTGGACCCAG (i5^iJ#-^4) 
Vk3-2 (immunoglobulin kappa variable) : 5' -CTCTCCTGCAGGGCCAGTCA (15 

5 ). 5' -TGCTGATGGTGAGAGTGAACTC (ie?ij#-l- 6 ) 
Vkl-2 ( immunoglobul in kappa variable) : 5' -AGTCAGGGCATTAGCAGTGC (15 
:^\\^^ 7 ), 5' -GCTGCTGATGGTGAGAGTGA (@5^'J#^ 8 ) 



(2) 7;l/7i-u<y-t>x ^^-tt-^^i-zWyj^W-fef'-vaV (FISH) 

FISH3?IH^{3: {^2^W.^, F I SHU^ ^ n h u - ;u. ^fja. 1994) {cie$ti/c>^S 
{Ct^fei,^. t h 2#. 4§> i4#. 22§^fe{*:#^6^7'o - 7- (CHROMOSOME PAINT 
ING SYSTEM. Cambiott) ^ ffl (-^ T ^T o , 

^ij^(i:> 2 ^m^^^'^nt ^"7 u-y liZQ^ Jl^ - ^ ilAS^ d - >)43lor;U 
-^«ciiji£i_hcD^c->-^?#fCa CCD-9*>ffl<.^/->:2ll^fe^*!}#^fl^^i:T^7 4-7 
— c-C{C|lttt:^^/-c©(i5 i^n->/f-3fCo CtltjO^. o->^FI SHft? tfr L 
fco Vismmit C^2:mi. FISHU^ h 3 - nmn. 1994) izt^^tltz:^ 
i^iz-fit^'. t h 2 l:^fei*#M&^^n - 7' (CHROMOSOME PAINTING SYSTEM. CANBI 

Ot±) i^^Trrni: o /Co -t co ^ ^ ^ - izm^UMft^r- it n h 2 
;!?sco^'o->T:-{it h2^^fe|*J;«9fc^h^ ^4 it ^ fe ^ ti. ^ ^ ii 



-^XAg^fflllS;^ (JilTA9/S22. t^-l) ^m^^fZo ■^^W^^m^tLXl.t^OT. 
im^mU (Martin L. Hooper J; *9 > Hooper-^, Nature, 326 :292, 198 
7) ^m^'fzo E14©^S/iii<l§-^m-. ^-^-^T^U V 'J -X 8. V- 

v-f h -7^ •> >C (y^v) MS L /cG418»ttST0lfflBS1* (^PS:^^> &mmK 
licit ck^A^) ^ffll-^/c: o ^f-"it7K'i (lffll}SX^^^> K^-y . ^±^1. 199 
2) CDfg^ Lfc7?-/4(ClA£i->s l^lO'l@®A9/#22*^b i ^ Lfio l# 

n/c i ^ n-t;U{i^*^5ml®DMEM{i!gSLfCo ^^10^(1©E14^ MJ •> > "C 
5> $ -tt It . DMEMT 3 S-gfe-^ L. 5nilCDDMEMC^-S L /^m. I "7 )V thf^ 
1250rpm. lO^^ralit'O L T±-/t^^ fCo ^ ^ ^ -v t° > J: 0 < C 
L. 1:1.4PEG-^?^ (5g PEGIOOO. <^n7t|i6^>. 1 ml DMSO< •> / ^ >^ 6mlDMEM!C 
m) O-Sml^Jja^T^aT- 1 :^30fe!>^S Lfc^s lOral O DMEM^ ^0 ^ < «9 i X. o 
iE^C 1250rpm. W^mm.>bLX ±.m^m^ . tt^^ 30inl® ESIfflSSffl t^itil C ^.S 
L. ^ ^Tl^N L;*:)^«a)}S^^ ^^/ciESlOOmmOlfl^^Sffl^^ -y -> + - b 
(n-->/) 3 L/Co 24a#rBm{c300)U g/inlOG418 (GENETICIN. v 

^-v) ^ j]D X. /-c i$ itil i 5S ^ L s ^©mSBt^tfe^^^^T^i: /Co lilFal-lOBm 
Cli^Silittt^ n-=--*^"*?at ^®fcB31$IS(iE14-fflfltI10'<i*/c 0 0 ~ 5 
mx^-^fzo ^(D::a--^t°-y -y ::^Lii5i$i±, 5 x 10«{@ ^> 0 Iml® 
f^#fflt^itii (ESlffl9!!ffltStt}l+10^DMSO<->r-7>) (CSg/lL, -80°C }C T ^^.IS^^?? 
L/Co (5]B#(c§^^IWtt^^co^-^T10"~10'^i^75^fflflS;:)^•i^V ADNA^Purege 
ne DNA Isolation Kit (Centra Systemli) tc J: i9 M L o 



wo 00/1 0383 PCT/JP99/045 1 8 

(Koi^i. Science. 260:361. 1993) o 1^ 10''{lOA9/»22J: 0 L i ^ o -tr 
;U^5inlt7>DMEM{c!lffi L . > v -t ;U40 ( ^ ^ ^"il^ £^t±^ ) «c J; (9 . 7K±-e 
eOGyCO 7^' > v|a<^Ba*t L ( 1. 2Gy/5i- x 505^ ) o ii ^ \. l 7 a -^z jl 

BS|^ i [5]^{C LTi$Sf*^¥s DNAI5f#^fTni: o fZo 

i □ -fe /U^^lffittt^E14/iJ22-9 ^ E14/»22-10. ^"^vUHBI^^ o -(r 
>U^lFi|Btt»E14/!f22-14, E14/S22-25{C (t -5 ^ A ^fe^i:cD {iii^ T ® (1)~ 
(3) {C =1: <9 51 IS L /"Co 
( 1 ) PCm^fr (H 2 ) 

ii ?riJ W t4 ^" / ADNA^^Mi LT t h 22ll^fe{*± fc ^Sf -E. it^ST (Gene 
tic Maps. Hul2) S 0="^ litt - - (Polymorphic STS Primer Pair, BIOS 
a : D22S315. D22S275. D22S278. D22S272. D22S274 ; Nature 359:794, 1992) 
® ^PCRSfc J: f9 ^Jfi L 3to GenBank. EMBL^© 7=-* - ^ K - X J: «9 L 7t 

PVALB (parvalbumin) : 5' -TGGTGGCTGAAAGCTAAGAA (SE^iJ§^9). 5* -CCAGAA 
GAATGGTGTCATTA (i£^ij#-^10) 

MB (myoglobin) : 5' -TCCAGGTTCTGCAGAGCAAG (iE?iJ#-^ll). 5' -TGTAGTTGGAGG 
CCATGTCC (iS?iJ§^12) 

DIAl (cytochrome b-5 reductase) : 5' -CCCCACCCATGATCCAGTAC (iS^iJ#^l 
3), 5' -GCCCTCAGAAGACGAAGCAG ( iE5^iJ g-^- 14) 

IgA (immunoglobulin lambda) : 5* -GAGAGTTGCAGAAGGGGTGACT (iE?"i#^l 
5). 5' -GGAGACCACCAAACCCTCCAAA (ie?ij#-^16) 
ARSA (arylsulfatase A) : 5' -GGCTATGGGGACCTGGGCTG (iB^iJ#-t 17). 5' -CAGA 
GACACAGGCACGTAGAAG (iS?f|#^18) 

_l??]JlU-W_g^_^7i^/^-aN A-^-i^M i-L^^^g^4GM-^^)^-5 

i|i ( Innis . BiJie) ^rf^<iofCo ^CDlSm. *M 1^ <^ 2 ^ (i ^ T cd >^ ^ 'T -7 - . 
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l^;^,^,^< -{co^-^-^(i^c^^<> KcfeSt L /-c (O'Brien. 

GENETIC MAPS. 6th edition. BOOK 5^) . it fe^ 3^ Mte ^ - ^ - <^ Hfi ^'^ 
m:&t'CizA^^^^mn (science. HUMAN GENETIC MAP. 1994. Nature G 
enetics. 7:22. 1994. Nature 359:794. 1992^) ^SJC. ^^^.ifiSM^^ 

r. pcR{c=t^9fi«^t^t^^ittiStl75<■^fcb$n/c7-7^-{i■T. .f^tb^n^i*^ 

^t--7-^-^\JX'fr^~Ltzo TP]t^{iFISHPt/f C J; ^tS^$S^^^ L/co A9/»22 
( 2 ) -if 1f" > o -y h m^Jj 

y A ^ y-c i9 10'~10' =3 RIKEN DNA Bank=fc«9A^. Nucleic acids re 

search. 13;T813. 1985. pUK19A* ^ 1. 4kb EcoRI-BamHl ^K") ^ 7" n - 7" i L T . 

(BgllU S-litM) MS^ff^<i:ofc|^2//g®^V ADNA(C5^LT<A 
usubel-i. Current Protocols in Molecular Biology, John Wiley & Sons. Inc. 
. I994>c|S$tl/c^■S^c^^£^-^^T^i:ofCo ^^M^liiiitfe^DNAfc fen^-C 

h hLl iS^iJi^^^T'U /^Xf ^^<> K7&<^IJ[-1^a5$n/-Co *Ba|tcD2^{co 
l^T{i^O^^^->S6^ §^<> K©^ig^^'i^iST=i ^ t h-^fe{$DNA077 
y ADNA{C*t-r'?.«i:b(iA9/i?22®^tlc!:|H]^T-^ /c, ^" > "7 IS .HS 1^ ^ ^ 
^■W-;U?^g{iA9/322<hi:l:l5L/cJi^. PCRP1??-c ^i^ ^ n/cX^<^li^ i t§ 

( 3 ) 7 ;U:t U -y -f >-t ^ f- i 7- U ^--r -if - >- 3 > (FISH) 

^\imm^t i^im.h, FISHllM7"D ^i^lll. 1994) \Z^£.^ tifz-^m 

t h 22#^fel*=t^SM7°a - 7- (CHROMOSOME PAINTING SYSTEM. Cambio 
t±) ^fflL^Ta^i-^Co ^O,^^. M^Lfc^§^^<75lJ<!:^<^:■^Cfe^,^r. E14/i2 
2-9 H-7 ^ L/cBT-. flli©3^*{i?4i5: L/c^fef*i LT t h22# 
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wo 00/1 0383 PCT/JP99/045 1 8 

iil±commi^ K> . (# '^>nfcG418im**E14/822-9 . E14/322-10 (it h 22# 
^fef*cD^Ti) ^ E14/II22-14 . EI4/S22-25 It^ (D^^mn ^ 

(mmm 3 ) t h 22S^fe{*^f^j#^-i. Es^fflSlJ7&^ •icD^ ^ ^ o xi'^m 
g^{zol^T^l> <fflzRm— . ^<-r V- ^ Tvu ■> u -X8. - > rJ' - y 5^ ^ > 

9'. #±^t. 1995>CiE$ n/c;e-z£{c'c;£ o /-Co (mJS{?i]2) -e?#iin. t h22# 

LTU -5 C i ^<5ilS$ n/cG418BttESaBS»E14/#22- 9 ^M'^^ h 
y i7 J^^AL-h±lf\ C57BL/6 x C3H Flitv^X (H*^ UTl±) ^C3m^ O 

cD^E^/c «9 l^lOji®ES|fflBS^£AE^^ti L /Co ^©-tS^^ (^1) C^^o 



tl-^fef* izmm-^mm^ (D-^r <D^ -10!^ 10-30% 30%~ 



B14/#22 9 166 29 16 7 3 6 



ftl66i®cDZ±AE^^It L /•cMm29E®^v "t? x;5<|g^ L /-Co 4^ ^ ^ 

MJ^cDSi^-^{lK22-22{Cfc{t -2.*^40%TS> -o tZo 
_^^i^^^j2^_tjL22.#_^_gJ^^-^-^t^^--7-Jt7^^^ 



wo 00/10383 



:,...*..<M*s«.. is4x**^-^r- i«Ka*<x>^.- 

. 1987>CIE^nt.^a..'«-^S«mL. Pu.ege.e D«A Isolation Kit* 

^;^;....o.^«.-*-^(«3).a3.c..r-St.->i....n 

, (K22-6.7,8.9.10.U.12 :9«**^^)«^«** 

J«A.-.t.= >.o-,t.ONA(C. C £14^2-9 t BH.V.D.A* 

Bi. «S1^> 'L^Si^ 3^^^ ^^^^^ ^'^^^ 

- or-p^ «n rtoo^ 7 ^' a - ^ 'r" ^ ^ ^ 



6 0 



wo 00/1 0383 PCT/JP99/045 1 8 

m. SM : H : C-m. Sp : 3f flt, Th : Ov : 9PM> K : nc : $^ 

^ / ^ ^ O xK^DNACI^t^ 3>|>o-;b). pc: t h l^li^SB^ (HFL-1) DNA 



6 1 



wo 00/10383 



(* (K22-7) cDKm^mwmmr.r-^mmmLf^ho^^mi^f--o cnii^if. 

>) ;^l^fflL-r^.RNA^!fitliL. RT-PCR'S J: . t h - i ^ / n f > (MB) . 
t ^-^ h ^ D-A b5 U^-^ (DIM) ©mRNAOltlii^n^iofCo RT-PCR 

K (f^^'^gioopmou mmmw m^^mm^tmnm (^---x^'U^ 

MB : 5- -TTAAGGGTCACCCAGAGACT (iE^.J#^19). 5* -TGTAGTTGGAGGCCATGTCC (E^-J 
§^20) 

DIA1:5--CAAAAAGTCCAACCCTATCA (1£^-J^^21). 5' -GCCCTCAGAAGACGAAGCAG (IS 
^ij#^22) 

^(DUm. i^itfe^OmRNAiCl^Sfig^ili^S^^^^lttii^n/i (US) o RT-PCR 
S]5iCfcH^T. M (HindIll-/i^l:ADNA^HaeIII-/^il:0X174DNA. S 

Sit) . m^t^vi^^'o^-y. DiAiiit hf-h^n-Abou^'^^-^. wm 

C3H7 ^ X ^^t" o 

$^(cp]i:<i<*(K22-T) icol,^T. US. ^L^fli. BU. n^^ 

#t&^;i^^ISOGEN^{^fflLT.mRNA^tfttBL. ±iZ<D2m<D^ y ^ ^ - ^ ^ ^ 
Mil^RT-PCR^'no^.o DlAUi^TOBif-^T:-. MBIi-C^Ii i ^ ^ 

-^■mm^n^mmmmmm^nt. (06) o a ^ t->(^^^fflmi^sfi^^^^ 

^-r^Ci*<^^nTfc*9(Bassel-Duby^. MCB. 12:5024. 1992) . ZO^^it 
'#?,Ci^^LTl^'5>o PCR^^^li2%T^a-x¥;Kcrmm/^t<lL/i^. 
Th-J^ll.^. L-Jfil. Sp: mm. l-.m. Ov: SM: ^^m. M:-e-^- 
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wo 00/10383 PCT/JP99/04518 

ESlfflSSI^EH (HJS^J 2 i fsiti) ^^ffll^fCo i o -tr ;Hfe^||.^fc J: 0'G418itte 

w<Dmvnt (^j£^ij2) t^miznti tzo mmm\i^(DihiMm^itE].mmio 

^J2) i Inlif fT /j: o r-c o M?RJitt^1*E14/j}4-4. E14/34-7> E14»4-ll{c feMj ^ t 
h 4 ^m^t^t fz li^ (Dm in <D ^mti^JiT <D ( 1 ) ~ ( 3 ) J: «9 HIS L fco 
( 1 ) ?cm^ 0 7) 

mmm^mY y i^M.\^mmt Lxt h4#^fe^±{c#^£^^ite^ (o'Br 

ien. Genetic Maps. 6th edition. Book 5. Cold Spring Harbor Laboratory Pre 
ss, 1993) S.a'#Mttv - 7^7 - (Polymorphic STS Primer Pair BIOS^ : D4S395, 
D4S412. D4S422. D4S413. D4S418. D4S426. FU; Nature 359:794. 1992 ) ®# 
ffi^PCRftC^ «9 ItfcB Lfc, GenBank. BMBL^CD 7=-'- ^ x J: <9 A# L /cJ^S 

HD Chuntington disease) : 5' -TCGTTCCTGTCGAGGATGAA (IS ^ij ll-^23) . 5" -TCAC 
TCCGAAGCTGCCTTTC (iH?iJ#-^24) 

!L-2 ( interleukin- 2 ) : 5' -ATGTACAGGATGCAACTCCTG (i2^ijS^25), 5' -TCATCT 
GTAAATCCAGCAGT (iS^iJ ||-f-26) 

KIT (c-kit) : 5' -GATCCCATCGCAGCTACCGC (iE^iJS^27), 5" -TTCGCCGAGTAGTC 
GCACCG (ie^(J#-^28) 

FABP 2 (fatty acid binding protein 2. intestinal) : 5' -GATGAACTAGTCCAG 
XIGAGXT_(-iE-5i^S:--l--29-)-.— 5^C~GT-T-T-T-&fr 

±iecDliao^7 f ^-!Coi>TPCRli'l'i^ff ^ S-t^^tC :i:T, 
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wo 00/10383 

4(i^fei*ei-^lffl8S^^t-o 
(2) > 7 ° -y h PliT (S 8 ) 

fco 08{CfcV^T. W\m\^Ltz2 ,iO¥J l^MK^mmL 



1:A9/S4 C^fet^^^lBiS) . 2:A9/ii4 + A9 (1:2) . 3:A9/ii4iA9 (1:9) . 
4:A9. 5:E14/S4-7. 6:E14/54-4^7j^^o 2. 3 « 2 ffi® DNA^ gffiF*^ * L /c tb 

( 3 ) 7 b -y -t > X >^ ^ f- - ^ 7" ^'"^ ^ ^ ^^'^"^ 

FlSHi?t)T(t (^«fe^l2) t ^ 4#^fe<*#^6^^n-^ ^CHROMGSO 

ME PAINTING SYSTEM. Cambiott) ^m^Xn^i^f^o 3**^-<T®(i 
<h^ i:■•®5>S^^{::fc^^T. t h 4 #^fe(*S> ^ ti ^ ® $ nfc = 

E14/H-4ti-7^7.^fel*iCl50L/cBT-. {^<D 2 mt\^tLLfz%^W t LT#S 



wo 00/10383 



PCT/JP99/04518 



4/34-4. Eii/H-i^mmT. h y ^ J: (0 ^L-^±ii\ (uss^ijs) tmmizLxmm 

L /cEMSS^flSfcE*, 0 10— ISflizi A L /Co {^tti!S^am2. 5 B OlSfl ICR^ 
/■Co -eoMm^ (^2) {Ctk-To 



ESfflSa^*/ G418»1± ESlffla^KiAL ^7-)z 4^y77->x ^fe-^^S^il^ 
th^fe^*: /cEMSS^EiJj ®^ —10% 10-30% 30%— 



E14/S4 4 160 8 5 5- 

7 80 5 2 1 1 



^fetcfc i-NT?iiE**^Dl?^fe (iS^) cDct3{rE14TfflBSS^®^J9cfe;:>USi6 

-tU^-^. E14*fflBa6DS:i*CDlSi6 '^n^<ii*li7ZET5) o /Co ^ /c . 
Si^OSi^':?{iE14/S4-7^^cDlfll{^:icfc;. >r|(^15%-e«> o fCo 

C<©$S^i:'9. th4 #^fet*g|5»if?M-^«J#t--5 ^ xESlffl9a^E14/S4-4> 
E14/S4-7Ci+ y 5ff^^tl^f^^ L-Cl^S. ^/i:^*.-^'^ x |i |*CD lE-^M^ :^ 

^tt- i:'? ^ L T l^ -s. c i ;:)<5iis $ n /Co 

(^Jfi-M-8-)_t-h_4-#-^-fe-i*-g|5-59-^-^-^-^-^-^^^^^^ 

tt^t h ^fef*DNA<D{*t#S.?>\ G418»ttit{Ei^CD^ilfiSlg 



( I ) PCRPtlT 

1 . + ,,»a5«) , E14/,"4-4**®lfit* (K«4-4-41:+^5*«^5S) C o U 
( 2 ) H)-*'>l8*ft (B 9 ) 

ggr*,... a9.c«uT- su-vtb. B^ulS^tt^-2«g^R«s* 

(3) E*4«S«*™»S®G418iBtt1S» 

+ E14/S4-7S*fflHi» CRI4-7- 1 .*;'9*ft5S) - El 

4/,4-4S*« 1 Bt* (K.4-4-41 : 5*85?.) C o U T flM*^ ^> BT® i ^ 

„~10«O)ftL, PBS/l.a EOTAT-!Sll**Lfc«- x T Wn^* 4- ^> hT« 

^ , f > /* 5 u li f'< -v ^ . > / 1 « ^.ffla« i < '* l"""^'"' '» 

»Ha,L-L, i±ia*2.1®BMEM(10)iFCS) ICSSU, 35m->t-H-«S+*^ 
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wo 00/10383 ' PCT/JP99/045I8 

ml<7)G418^^n^> 5~TBPBliS#L> ^ n n -> r - b CD i Iffl ^ ti ^ -5 o 

f'So 2 li{*itG418Wtt<7)^li^^;fflfla(7)?¥.<£^<ISi6 i^n/c, 

C tl "icD^S^ J; s E14/54-7. E14/34-4(i^ ^ x(i^*{Cfe^,^T•fi^ cDiE^Mi^ 

ES^m^llZ ( ^ 7 7^ -v ^ j:- > ^ J; «9 Ka. Yagi t>, Analytical Bioc 
hem., 214:70. 1993) ^ ffl I ^ o TT2® it S (i <ffi '^m — . '<-r^^^^T 
;U->iJ-X8. - y ^ - ^ > ^±1±. 1995>CSS$ n/r;^*{c'(i6i->. 
3^ftlfflSSti^ h V ^ ■> >C ( -> ^7"^) L /zG4181ftt^:?]fttSSfflJ}S ( ^ ^ :7 
7^ .y Tt- U > ^ ^U^ii: <9 ^A) ^ffl l^rco 5 a -tr ;Hfe^||i^fe' cfc o'^'G418»tt 
1*£D:^t;^{l (^SS^|J2) i [5] {c ^T n*: o o M^Jfttt^co tii H^M^ (1 TT2MSa 10 
'M3b/c «5 3 ~ 6 <l-e^) -o ^^Jiratttl*® ^ISf*?^. -y" y A DNA1^?# 

(Koi-i. Science. 260:361. 1993) o I^J lO'fli® A9/n4=t «9 L i a -tr 
^5ml® DMEM{Cfg?S L ^ t^' > v -t ;U40 ( hi| IE ) J: ^ . 7jc±T:30GyCO 7^ > v ^ 
^.BS|^L;^c (1. 2Gy/:5^ X 2553-) o ^' > ^ Pa l^t L $ o -tr ;l/ ^ * Ml^ i ^ o -t 

IliaiO^ll® «9 3fli-e^o/Co ^^JSt^i^fCO l-.TH (IIJS^ij2) il5]#{ZL 
T ?m IS # . DNAIX ?# ^ ^ci -3 o 

> v^^5feB.a|^ ^ ^7 Q -tr ;Uf^A{c J: €)G418ini+tt*5^1-4s 1-5. 7^'>^i^ (30G 
y) B3g^ ^ ^ n-t/UI^Atc J; aG418im^*3-K 3-2it 4 ^* *r «t -S t h i4S^ 
fef*^ Ac a §R iff >t <^ l# a Jil T O ( 1 ) , ( 2 ) (c J: <9 fiiiS L /Co 

( 1 ) PCRHglif ( 12110) ■ ^ — 

^^I|»t4l*y y ADNA^i^lii LT t h 14ll^fei*±(C??ffi-r -Bitfe^^ (0' Br 
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wo 00/10383 

Ce„eUcMaps.6thedUio», Book 5. Cold Sprin Harbor Uborator, Pr 
ess ,993 )Stf^att--*-(P»lv™orphicSTSPr,.er Pair B10Sa:D14 
S43 D14S51. D.4S62. D,4S65. D14S66, 014567. 014S72. D14S75. D,4S78. 01 
4S8'l PC, ;NaUr. 359:794. 1992: Nature Ge„et,cs. 7:22. .994) ^ffS^PC 

^ . r^' -ata(;agggt\cccactctgg (iE^'J§-^31). 
NP (nucleoside phosphorylase) .d ATAliAbbb iau^.. 

5" -AACCAGGTAGGTTGATATGG (iS5'l§#32) 

TCRA CT-cell receptor alpha) : 5' -AAGTTCCTGTGATGTCAAGC (ie^.]S^33). 

5' -TCATGAGCAGATTAAACCCG (12^'] t^34) 

^ -n .oraiar^ . 5' -TGTGAAGGAGGACCAGGTGT (lE^iJt^ 
MYH6 (myosin heavy chain cardiac) • o luiunnu 

35) 5' -TGTAGGGGTTGACAGTGACA (E^iJ#^36) 

. u inh. 9 rnnstant) • 5' "CTGAGAGATGCCTCTGGTGC (IS 

IGA2 (immunoglobulin alpha-2 constant; -o 

^il§^37), 5' -GGCGGTTAGTGGGGTCTTCA (ie^'JS^38) 

1 .nn.tpnt) • 5' -GGTGTCGTGGAACTCAGGCG (E 
IGGl (immunoglobulin gamma-l constant) -O 

91111^39). 5' -CTGGTGCAGGACGGTGAGGA (i£5iJ#^40) 

..nn • -GCATCCTGACCGTGTCCGAA (iS^il#-t 
IGM (immunoglobulin rau constant) -b GCAlbUbft.t 

41) 5- -GGGTCAGTAGCAGGTGCCAG (E^'l§^42) 

;CVH3 (immunoglobulin heavy variable-3 ) -. 5' -AGTGAGATAAGCAGTGGATG ( 
|£^,j§^43). 5- -GTTGTGCTACTCCCATCACT (i£^i]§^44) 

r^,^xw^^n^^.^mmt<mm^nf.. ii'y^umA^Lf.i y ^^^^^^^^ 
,<m^,nf.. ,,..*mi^..o..u^ffiWc^^^M-4^^r.<x^^^ 
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wo 00/10383 PCT/JP99/04S18 

cmmm 2 mm) ^ ^ tc . ^ * *^ /i {4 m 15 ^ ^ l /c i> <7) t- . mi 1^ -r l ie 

514 {i^fe{*(ft-^$BflST-* S as C «i H 1 1 ( 1 ) (Dmmf)<fjk^tlX\.^^o 
( 2 ) 7 ;U 7t- U -ir > X < > 1^- < f- i - y U r?" f -tf' - V 3 > (FISH) 
FISHPtiTti -i. FISH^SI^n h =i - ;U . ^/Pi1t±. 1994) (c IS $ n fc ;^ 

t h 14#^fei*:1^^6^7'n - 7' (CHROMOSOME PAINTING SYSTEM. Cambio 
tt) <&ffil^TfT^i:o/Co 4^-r^T{Col^T(3:i^c!:■■055■§^^C t 

Jil±®l|.^C i9 > f# '^n7^cG418iiiita^l-4. 1-5. 3-K 3-2(i t M4#^ 



(HJS^J 9 ) -Z-m^n. t h 14#^fe{*^{*|# LTl^ S C i ;j<SilS $ n/-cG418 
oiRftiESlfflBStt 4 ^ (l-4> 3-K 3-2. 1-5) h -y ^ J: «9 ± i I 

CR^ § {iMCH(ICR) ( B ^ U Tt±) tt itit vj? x © 5S IS {C J: ^ ^, n 8 liflS^ 
Et^Eab «9 8 ~10{i-/iA L /-Co ESi^idl (^JS^iJ 9 ) -e-Bsl^S L TESSS fC 
^^$i±/ct^. f^j!£ijSMSm2. 5B ©iSfJICR-^ 7 X (B^i^ury:) O^gC 

>im(D^-B&tz<o'^iom(D^ y iy ^ ^ iy B ym^^^mLfzo ^om^^ im. 3 ) 
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wo 00/103W 



3 . 



th^fef* /c8$fflSSSflEI^[ -20% 20-50% 50-80% 



TT2/i;14 



1-4 
1-5 
3-1 
3-2 



98 
110 
103 
183 



20 
14 
11 
19 



1 
2 
2 

3 



1 



1 

2 



lt494^oaAE^.^®L:^^^^> 64E®^^t7Xd<ii^L/Co ^y^(i<*rt> 
^fe}cfcl^T?iiK (ICR) 4*©efe©4'CTT2lffl9S4*roi?^fe C-^^) 

fc. ft;«(D«g^i|li^l-4S3fe®llil*«-*5«^^^^80%T«.o/-Co 

COJgmJ:^> t M4#^fe{*^^cU^©i?>^^i*t§1-^G418»t4ESIffiBS» 
(1-4. l-5> 3-K 3-2) ii^^p' 7ff^)35ctl^^ltLri.^^. f 4' ^ ^ ^ <i 
© JESMI^ 5t it t ^ :^ ^ f*t# t ^ ^ - i $ n /c o 

t h l4S^fei*i'TK'(75{^t#5SIS 

(iV^lT ® ( 1 ) ~ ( 3 ) J: 0 iilS L /c o 
(1) §aiII^S*DNA^ffl^^^;PCRi!?tJT 

7 vr:7XO^ *>3-l*^® 1 fi<* (K3-1-1 : 7^^2550 (co^,^T 

9 ) T-^ L/il4S^fe(*^?liTffl^^^ ^-^^ -^S-l^l^tfc^nfcUfi^Ttc 

7 0 



wo 00/10383 PCT/JP99/045I8 

;&<t^tb ^ ntz (mio) o 
^'^>«^> mismt^ (K3-1-1) {co;.^Tiia. wm. m-m. 'C^m. ^m. mm^^^ 

Puregene DNA Isolation K i t (C J; (9 y 7 A DNA^IR|# L . ^ n tl © C o O 

§ U - > : K : Wm. Sp : m-M. H : ^ll^lc. L : If Th : mm. 

PC : t hUM^Ifflfltl (HFL-1) DNA (Utt^ >hn-;U) , ncrl^+y^-^-^X 
J^MDNA (1^14 zi > h □ - . M : ^ - ^ - ( H i nd 1 117^ -ft A DNA + Hae 1 11 
^t0X174DNA. mm^) ^7jk-to 

(2) Km.^^mm^mmo^G'iism^^u.m 

^-y^v^XCD^-e.^ 2 {ii* (K3-2-1 : + y 5'^|^]25?i;. K3-2-3 : ^ 

y ^i^$^50!li;) , l-A^^CDimi^ (Kl-4-1 : ^/ "ym^^SOX) {co^-^-CJ^M*^ 

^CD^ / ^ v-^ X©g^m^5min~10mnit7]iT L. PBS/linM EDTA-t:-iJ[[II-<!5fe-/t L fi^. 

IS^IfflK-^Sml® PBS/lmiM EDTA^ n /c ^ ^ - y C ^ L > SO^^" — ! B#rB^^S#a-r 
5o ^OD^. ImlcDPBS/EDTA^^^ LT±«^15?«9l^g. Iml <D 0. 25% h 'J •> > 
/PBS ^ X. . 5 — 1 0^ PbI M -C ^ v t° > r ^) ^ I ^ h° ^ 7^ ^ > ^' L ^<£ A< t> MS£ 
^J:<(S<-^o lOOOrpm. lO^Pa^it'D L. Cfc^^2nilODMEM (10%FCS) {CI^^^L^ 
35mm-> -^^ - b {CfiM-r -So 7~10B®iSa^> 1- 'J 7° •> >MS{C J; 0 $ESS^ ■> I' 
- U t> (i L X r - U ^9 1^ 10 ' f@ O IB SS ^ 35min -> - b 4 tiC M L ^ 
9 2 ■t$CJC400// g/inl<DG418'^Sn^. 5 7 B rali^S L . tl ® -> -t' - U ® 

^flSiJc^T^ •>> ht--5o ccD^^-e, if^tMicR-rt7xS3^<DSgM^ass(i> g4 

18^<5ETT «i{5: i00%5EM1-^o ^^iltR^iffiTtD ^fflfSiJc {c 5^ "T 5 iltRt^ltfe -e ® ^ 
li iJc O f ij ^ fi . G4l8»ttlSli^lHfl^c75±i5iii]^7:)< 2 o © ^ [5]^ T ^ a i {5 

^-rtui', G4i8(nrfttEs^ffl8s.^s ^^siii^ag)ja<DSS$i^$iflama<cfe{t -5 mmm^ 

initt:4cDia^i^-^flSco#^£;5<ISi6 n/Co HI 12C i> r . W ^ ti ti (D <1 

7 I 



wo 00/1UJ8J 



, J, ' ',a r in ^ (it ^ ^ te] L o ICR {i if 

(||JS^.!2) tmmUl5-^^^-^ -his (2) r-t#.n/cG4l8itt«li^lffl8^ (K3 
-2-3 Kl-4-14^) «FlSHPt^^ft^..rc. ^ n - ^ ilHFL- UfflSS 1 > 

^1. 1994) ^(D^^^^t-o rOJfta5R> <iiiHivp-x.> 
^ C i: 51 *^ ^ ^ '^'^ ° 

(^S£^')12) t h 2#^fe(*§f^^^>^^ESlffl3a--®^A 

i^^^.^xA9fflSSW23(£^TA9m W23. ^ ^ ) '^fe^^^^SS 
iLTiiv^xESlSBSmT2 ( 9 ) ^ ffl o i d -te J: O 

( 1 ) ?zm^ 

. . nM,^ u I -r H K ? x^fetfc ±ic#ffi^ ?>itki^ (Gene 
lie Maps.fjie) ^fe{*i^^a8aA9/S2 W23{CfcH^T^Lh^n/.C.. 

o I, ^ T tt^ t# ^ ^ -5) "Hi S fe! ^^J^ 5i ^ ^ = 

(2) 7;b^U-v-fe>^in situ-^7'J^'^^^-->- > (FISH) 

ROMOSQME PAINTING SYSTEM. Ca.biott) ^ ffl l^ T 17 o o ^©^^^^ 3 t*-r-: 

T 2 



wo 00/1 0383 PCT/JP99/045 1 8 

X(D^it^t^<^i>^m(^^z^l^x. t h 2 # ^ g|3 5^ Bfr K" & it Ltzm^t^t L 

i%mmi2^ -^-n^ti. t 1> 2 § ^ fe gl5 ^ ^6lr >T- ^ ^^ LT^-^ C i ;i><fiilS$ 
n/-cG418»ttES^fflfl!l^5-l^r^$^ X h iJ' ct It ^ ± if. ICR* L^{iMCH(ICR) 
( B*^' UT?±) iiiti^ X<D5^S2{3 J: 'on^titz?> ifflflS^E E * <9 10-12 

lOfli ® ^ > i •> 3 > E ffi L o 



ESlBBSaif/ G418Wt4 ESlBSS^aAL "^7^1 \rTi^l ^fe^^Si^i? 
t^^fe^* izim^^W^ cn>^ -20% 20-505i 50-80% 



TT2/ii2 5ii 264 51 18 7 5 6 

(W23) 



^fe{Cfel^T?i±K (ICR) efeCD4^ {cTT2i^BSSi^®if^fe (il^) 

fecDSB^(7)*5> -r^i:^"?.. ESIEaSSOgi^cDiSi6 'inaflli*{il8Z^TS) o /Co ^ 

CC7)|*||j;i9> t h 2 §^fe{*gi55>ll/Tn-<£{*t#-r SG418iinH4ESlBJIS (5-i) \± 
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wo 00/1 038 J -^r- 

Iffl-/f t M/C iii )^ ^ ^ > ^ 'J > ^ K-r A y v;bK> b T 'v ^ (ELIS 
A) ^ffl i^Tffl'l^ L/Co ELISA (i>:^T{cEicenTi.^'5:^SiCi^^ofCo sOj • ^ 
a - >tA;t*ll.^-7^ i T ;^^ mmt±. 1987; • D- Via 

{$:mi^#{^AP^s fii{^t±^ 1991; SJiu mM^-^mm^^mmm. ^^i±5)ig^?> 

1993: Ed Harlow and David Lane. Antibodies A Laboratory Manual, C 
old Spring Harbor Laboratory. 1988; A. Doyle and J. B. Griffiths. Cell & 
Tissue Culture: Laboratory Procedures. John Wiley & Sons Ltd.. 1996 o C 

S ^WitaH^. 0.5 7!)^^10 4ig/ral?IJg{C(100;!)^'^>5000f§) {C^fRL. ELIS 
M5f4fecfcO'="1ili6i<*®^i^i-5?$^^xiflirS (i/^'^. M5905)^^fln LfcPBS^. 

u- h ^-^-/^ L;^cm> r □ -y 4- > ^'^ 1 B#Fau:i±fT ^ "T" u - h 

y -mmU-^^^Ua^'C ^ y^^<- h Ltz'^-^i^ LSK/^^Un^/co ^ a 

1. ij (ysM ^Tt^ >y > EL312e) BR 7feg[ ^ ?fiiJ ^ L o 

^WL29a^^'h35B(D^ / 7. cmmmiOs K3-1-2. K3-2-2. K3-2-3) j^<o 

r;iilfQ LELISATPtir LZ-Co 50mM® - ^K7K#^< y 7 r - pH9. ST- ?RrlR L 

t h IgMv r;? y n - ^^I'fiti* ( •> i''^. 16385) ^96yv-7 ^ a 9 ^ 9 - -f 



wo 00/10383 PCT/JP99/04518 

b-h(C=i-T-<>^'L. -7rt7 xifn/t ( •> y-7 . M5905) ^^D^/cPBST^^R L 
fzMMU.%'A^1mPLfz^ iXy<^-T:<JVz^ ^ y -^U^^^ V \ (Tago.2 
392)^m^-C^ >^zL^- h Lfzfk. ABTSSK (Kirkegaard & Perry Laborator 
ies Inc., 506200) (D-^Miz J: <o mMi^i±^4Q5nm(Di&1t^'CWm L tz , mWl^ 
nfc t h IgMKf* > • T-^^y?. 6001-1590 ) S/cfi t h IgGJ^ti* 

mLtz., s T'c t h IgGiiJ^tc (d:{Jt t h IgGi'+^iJLf* C ■> ^'v. 13382) ^7" b- 

h{cii^L> + •> ^'--e'tii^ia t h igG-ir^inif* (•>^''-7. A0170) -cm 

mLfz^ ^<D'^^^ ( S 5 ) (C ^ ^ o t h I gM i I gG « it «C til fcti $ n o 

t fz'^'i^21B. 34B> 41B<:D 3 iHlJctjfc (9 t h HS^fef^irK- ^f*tt L + y 
V v-^ X (HiSCTlO. K3-1-1. K3-2-1) C PBSIc^t^? L t h ifETf T ;U 7' ^ > 
(HSA. -> A3782) 2ml^T V i ^< > h (MPLtTDM Emulsion, RIBI linmunoche 
m Reseach Inc.) i L ^ CDO. 25mg/ml ^0.2 ml^feSL^Co C CD ^ y ^ v 
^ xifa/t fel5lt||{cELlSA{c J: o T(l?t/r L /Co ^CD.^S^^ (III13. HH) {C;^-fo 

<*K3-l-lT(i t h IgMlSxz g/ml i IgG2. 6^ g/inl;i><^iS^17B BOlfnm^'C^ai 

(i ^fzo 



IgG (mg/1) IgM (mg/1) 



K3-1-2 0.37 3.7 

K3-2-2 0.33 5.9 

K3-2-3 0.51 3.4 
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wo 00/10383 W PCT/JP99/04518 

'J K-^K?# 

(mmmii^ {cfci^-ct hrji-^i >T-fegL/-c + ;^ x(K3-i-i.^«sfi^y 

mtl-ca. P3X63-Ag.8.653 (:^B*l^mJ:'OIiA> 05-565) ^{^fflL/Co 96:^ 
fly-hlQ^iZ^^i^'^. 1 ilPBT^«mt^»±?t^ELISAriT-H?W L/Co ELISA 
7* {Si^: t h IgM^ y ^ D-^;UtrLi* ( •> / v. 16385) U - h izm^ 

itLxnmmutmmizn^s.\.^. iiti®^'D->^6(ii#/co *fcHSA^tn:if. i 

L50mM©^^-^^7K^^<-y ^r-pH9.6T-/i^5 g/ml® /gi^ i L. ELISAT' 
1. ©^-^ x;U{ClOO;/ loo^^-^L^Co < ;l + •> ^'^ - -Ir' If It L fei t h 
IgAHgG+lgM-V 4=^"tJT:l* (Kirkegaard k Perry Laboratories Inc., 04-10-17) ^ 

(iBfiO t h IgMl^tt^ D-yOo-^^loT-^ofCo ZO^o-> (H4B7) *r 
$ t.Ct^SL> ±*»±m^fBr«^ LHSA^Ialli L X ±.m(D X o K jU yr ^ ^ - 
HflilStJt t h IgM-^'^'tn:* (Tago. 2392) ^ffl l> T ELI SA>&'fT o i C 6 ^ 

(ytJlti-y > • x^-^. 6001-1590) ^tSitilC J: o T 2 m g/mU^I&f^ L fc^l^-T- 
jl^lR^ J: >^> fqS^K (1 (&*^ -> rco cn{i/W7-'J K-7H4B7^<^^^^&tl* 
*<HSAC!ltStt<D^ -SiJil^-eS) ^ C <!: ^^TJO^t-^ t®TS>o (HIS) o [115{-fc 
T . ft 14 ±^ S ±?t <^ * ^ ^ (i405nin(c {j- ^ 3t S *r ^ L o 

mmmm G4i8Btt-7- + > ti/-c t h2S^fef*i?K-<75 e^-p^^ ■> 

G418iFttt-Ciil^$nfch h 2 #^fet*ffi?)t^f*t#t- ^A9lfflSS (W23)( ^SIlf'iK 
11 1 #BS) ^ lOOmmv + - U-eG418 (BOOxz g/ral) ^ a ii tR ttil (10%FBS. 
DMEM) -Cig«L/io li ^-n-T ■> >»t4il{5i^^at^^^ X i KpPGKPuro 
(WHITEHEAD INSTITUTE, Dr. Peter W. Laird t!)^ 5^-^) h 7 > X 7 x ^ •> a > 



wo 00/10383 PCT/JP99/04518 

/ml i /a -5 J: -5 (c Jl^ v =i O U ym^< v y t - (PBS) izmM L X >h 10 u gQ 
iN A# ?£ T T- V — > ' ° ''I' -t*- - ( ^ f :t 5 -y K ) <£• ffl I- > T -X. ^ h- □ rft U — ■> a > 
( H ^iJ 1 # ) ^fT'i-^/Co FcD^fiTlOOOVcD^flE^ 4 mmgcD b ^ h 
D :f b - •> 9 > -b ;U immm 1 ) ^ffl (.^T^iSTTEnfln L /-Co ^ U a U - -> 
3 > L y^c^flS^ lOOmmv -^^ - U 3 - 6 tjCicJfS L 1 B ^ {C 10 g/m 1 ® f ^ - 
av-f •>> ( •> V, p-7255) fc J: a"G418 (800 g/ml) ^^V — Mm^i^mt 
S i m^^Co 2 - 3 iiPamtc^t L; =J n^-2OOflifIJg^-ocDaB0i L T * i 
d^fzo C®$ESS^3 oO^ffldo l^T -e tl-e'tl25cm^ 75X13 2~3:$:4^"et$# 
L. i n -tr ^ i±25cin' 7 7 X 3 T±SS XA9lfflflSi HMf'J li 

|5]««cS4^ L T'Co lOOmmv -t- - U 2 t^Cfcf^ LG418i t" ^ - q v -f •> ><&#t;±IS 

^ o - >;iq#^,ti/Co C CD ^' o - >-C {i t H 2 # ^ fe ifr b° - a v ^ •> > 

G418imit G^T- V - + > $ tifc b h 14||^fei*8fr;=^- ^{^^^-T § ES|ESS^5^ 
(E14/#14-36) ^> ;^zigOG418^ig^^D L/cJ$ifi43-ri$*-r 5 C i {C J; (9 . b h 
L T^cBSlBfSco ^ n - >^gX?#L/-c <i^< 4 -7 ^ ^ T Jl > - X S . 
v - > ^ -/^-^ ^ > ^±^±. 1995) o G418iiii4t^ v-^ x^ftlfflStl ( 5 -f 7 
^^7|-iJJi>^;L.J:<9 MA) ^ -7 h ^ -< -> >MS g" ^ C i < lOOmmv - U {z 
J#a L ^S^fflllS i L fco C©100mra-> ^' - U{CE14/n4-36^f-iffi L, ^5^0418 
?]gJ^16mg/ml<DiSitili5c1^L/-Co 1 — 2 Bfe{Ct^itil5c^L 1 il G418zg^ ^ 

lOmg/mli LTitS^Stft. ^ L; r: n ^ - (D cjn 7:)^ ^, 15fli 1^ tii L ±SS L x ^ 
fef*^b M4#4#Mfl<J^a - 7- (||i5S0y9#H.a) ^ffi i-^TF[SHi^?t;? L /Co .S^i 
L-C8 ^^n-^-eb h 14#^fe^*BfrK-;t)<fS{t L Ti^/-Co 

inmmm b h 2 #^fefef*^^iiiT)tR(>'i4S^fef*ii?5>iiTK-^[5)Bt{cf*^t-'£. 

■7_^5_XES$ffi8S^^JXj# ^ 

(IISS{?il 16) izis^^rmm L tz-MMMM^ ^ a - y cd o *.PC1^ i 9 a -iz )l 



wo 00/10383 

i^t-^ t h 2 #^fe{*§I5^iTK-;:J<$ t^,C - n-7 ^ V >»ttiifei"«^ J: ^- 
na^-7:)^[±iilL/Co cn^<D:30^-{Co;,^T8 // g/ml® t° ^ - d 7 ^ •> > ^ 
^t;±Sit!i:c^^^. ^ 3 Br^Tt^ftL/ci 45<i (76%) cDrnn^-*^^ 

pPGKPuro (^5g^J16) * ^ □ - 7- i L /cFISH)ii?IJT^ fT^^ ^ (tiiJI^>, FISH^^ 
h:3-;b. ^iitt. 1994) o €©1^^. A9/»2 W23T-H (m5S«^J12) 

B;6<#A^nT^,^^Ci^^To PGir{i[H]^©;^i$®^fef*iT)t±{c 
it 4 fi® v^-^^UTi^lS^^n^Co pSTneoBipPGKPuroti^^ ^-§i5^^ffil5]©i£ 
^iJ;^^#oOT. pPGKPuro^n-7--eHpSTneoBt5^ai$n^o t-^it)-^^ PGIT 
lg^^^^.4^CD->^'^;UOo 2liHpSTneoB. 2 11 tipPGKPurofi* 

G418iittt. e^-o^^ ->>iintttPi#{^=t<9 v-^>^'$n■rl^;i>Ci*< 
LTatT(i t h i4§^fef*a55^KK-^{*t#LTi,>aG418»ttTT2|ffl)iSI*l-4 
tR(i0.T5//g/ml(Dt°^-O7'r->>-/gSTf11lti (^JSf?'19) G4 18ittt»^ti^<7D 
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wo 00/10383 PCT/JP99/04518 

7i< fit IS ^ ti o z:s^?riiwtt^*aD?^ii{^#. y/ADNAm?#{i (ms£f?'j2) tm 

z:S^^lWtt:f*PG5> PG15, PG16«wOl^TtiJilT<75 (1) JC J; 0 . PG15{IOL^T 
$ c ( 2 ) J: «9 Si IS L /-c o 

( 1 ) ?cm^fT 

-mmMmmW^' y ADNA^islMi LT t h 2 14#^fei*±{c ??^Et- it 
fe^ (Genetic Maps.MIS) CO 9 . 2 # ^ fe o u T (1 (^SS^iJ12 : A9/#2 
W23) V l4^^fe{*{--:>i.^T ( USS^ij 9 ; TT2/S 14 1-4) -e??ffi;i<6tlS $ tlT 

v-jcouTPCRiiits^n-'^i: o fcism. 3m^iz^ ^X(d^ ^ ^ 

- o I ^ T ^ n >5 ±i "I"! M 5i IS $ n T'c o 

( 2 ) 7 ;U U -y -Ir > X in s i t u>' W U ^' -< "ir — ■> s > (FISH) 
FISH)!?tiT{i (USSF'Jll) i[qlli{c. \^ h±Mk^?\TCmmLfzh(D^-:fa-y 

m^wm^^<mm^ntzo :^^i^y5it ^mmm9 ; tt2/314 1-4) T-t m4#^ 
^$T^)ofco (1116) c^cD^m^^To l2I'^Jil?J^cD^sl^^fe{$(i V ^ X fi* 

(lim^U9) b h 2 S^fe(*Sf55^ifTfrRCKl4#^fei*055^iTK'^l5]BtC{^t#^'S 

(mS6(?iJ18) r-m^ti. b h 2 §^fef*a55>ifrK-RO'14S^fe(*g|55^BfrK-^{i 
1^ L T > ^ C <^ 5t 15 ^ tl G 4 1 8 . l^_r^o^-^i:-::^-— Ai^-tim-2--4B-8S^-P-^ 
PC 15. PG16^;^I§X b y 9 J: K) lL^±^f\ ICRt tz (iMCHdCR) ( B * b T ) 
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wo 00/10383 W ~ PCT/JP99/04518 

titltv ^ X05^i£{c J: 19 8 mmmmi^m^f:. 0 lO~12fiz£A L/Co ESffl 

X. '7 •> 3 > K ^ ti L o 

^ ^ V ^mi(^'^^^ ( ^ 6 ) tc /f: o 



ESIffliSI*/ 


2 fiittt 














y- 8 IffltSfi^E^ 






-10% 10-50% 50%- 


TT2/ 


PG5 


160 


26 


8 


7 1 




PG15 


168 


15 


3 


1 2 




PG16 


223 


32 


12 


3 6 3 



^fe{cfel^T?ii)E (ICR) S*oafecD>43{cTT2 

CCDlSmJ: ^9 . t 2 §^fef*gl5 5^iT>rS:6'^'14§^fef*^^iTK-^l*t#t-^ES 
IfflflSt* (PG5> PG15. PG16) (1+^ 5ff^^tl^l^^Lri^§. f ^ ^> ^ 

Esiffl fls * + ^ 5 r^? X la /ff tc {j- a t h iJt It da 

(^SSf?iJI9) Tf^^ L + 7 V ^ 9 -^.^ KPG-15 ( 9 iii^ ; PG5 i*. + 
y 7i|510%) . KPG-18 (5ili^ ; PG5**^ +^ 7'!|^10%) (D2EicMLT. PB 

8 0 



wo 00/10383 PCT/JP99/04518 

SfC/gP L /-c t hlfll/tT;b7'i > (HSA> ->^7'-7. A3782) i T v ^ /< > h (MP 

LtTDM Emulsion. RIBI Iramunochem Reseach Inc.) <!: ^ S ^ L T 0. 25mg/m I <7D HS 

(^)5&<?'J 14#BS) o SOmMcD^^- ^^7K^^< 'y 7 r -pH9. 6 -e#f5 L /ctn: t h ta 
{* « il -^'^^■fAt^^ (VECTOR LABORATORIES, INC. . AI-3060) ^ ^ a 9 ^ 

-y" \y - b iZZJ -y^ ^ > y M-lmU.n'&1]U;L. (X\^^-C \i' :t ^ y mMtn. t. b tn^W 
K.m^'^^i^ (VECTOR LABORATORIES. INC. . BA-3060) ^ttJ^ T -f > 4- a. - h 
L $ ihiZ}z^^ yify It \i'<Jl7t ^ •> - -tf' i T f > DH® ^ (VECTOR LAB 
ORATORIES. INC. . Vectastain ABC+ -y h PK4000) ^jD^T-f > + t> L/c^. 

+ -> -t?"gK<h L r3. 3' . 5. 5' -v^ 1- 5 y > > (T.MBZ. 

- "7 ^ 4 V. ML-1120T) (D'^SDfC J: i9 ^^7S14^450nmCD?S7tig-ei¥ffi L /Co It 
^ $ tlfc /c ig^i^o-^iggE^DCD t h IgG ( •> ^'■"v, 1-3889) ^HPi L xiQl 
?S^?^»D L /cPBS-e^PgfilJCfRrlR L fzo ix II fc o l^ T liSOmM® - ^^7K^^< 
y -7 T -pH9. 6 -elsrlR L fz'^ t h IIt ^ y ^ d ( •> ^-'^ . 1-63 

85) ^ee^vv^ ^n^j'^rJ'-T'b - hC=!-7^^ >^'L. Ifll»ISI4^»n;t , 

^ }\y ir ^ =y — -^W^^^ h il XtJti* (The Bind ing Site Limi ted> M 
P008) ^tn^X^ y^^^- h L fc^. TMBZ ^^1^^- "7 ^ ^ V . ML-1120T) O 

^CDt hIgM (^yl/^V > • 6001-1590) ^^rpiL-^^Xifll^t (•> 

^'v, M5905) ^i^UD L /cPBST-SPg6<]Cl&f^ L fio ^tD^^. 2{®|*chi>^S 

IIJ^cfe^,^rt i^cti^x/SI. /c SI iai # ^ aj $ n , ^©ii/Si^iii^(i. fe^'#±# 

L/C ( ^ 7 , ^ 8 ) o 
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^7 ^/y-T'yxKPG 1 54'<75t ht5if*-/iJt (EL I SA) 

IgM(mg/l) Ig/cCmg/l) 



feg'^ 8 B @ 0 . T 5 1 . ' 



8. + y 5 ^ X K P G 1 8 cf'tD t h 

I g M' (m g / 1 ) 



,^ (EL I S A ) 

I g /c ( m g / 1 ) 



8 B 



0 . 2 9 
3 . 4 



0 . 5 7 
0 . 8 7 
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wo 00/10383 PCT/JP99/04518 

ifflis*5S + y ^^-^^ z(cfeL^T t bVLitmrn. *s ii ig e 11 -5 c i ;i< 5i IS 

r il ttl 

X (K9> Kil ; ^{3TT2iBSa.»3-2fi5l^. + ^ 5 ^ tl ^" tl50%. 305i) {C 
LT. ^m79B. 93B. 107B. 133HCD4[hI (K9) , ^/z{1^^74B. 88B. 
illB (KID ®3IaliC^fc(9 (^3i^'J20) t mUiZUSA^ L fzo Z CO ^ / 
7 V 7 xifli?tc|3CD b h i^n.m T y i >C>r^-r ^ t h r il^^trtai^^ELISArtC 
JcoT^tBLfc iMMmiA^m) o 50mMO;^^-;^ie7K^^< -y 7 T -pH9. 6 

L fcHSA ( •> ^'-7, A 3782) ^967\^ iJ^n^-frJ'-^U-hJC^-T^^ 
L. Un^mA.. iX^'-C'< Jl^ ^ •> ^'--tr-;|iigtJt t h IgGv O xCt't* \ y t - i 
> V i 08007E) ^^JD^r > 4- ^ ^- h L tz^i. -^^l/Tf + -> :^'--tr"SKi L 
"CO- 7 ji ^ U > T = > (OPD. {eE^'^- ^ -< h . ML-11300) Oi^.jDtr J: «9 
if ^?St±^490nmOP5^j^TS¥ffi L fCo HSA-^feig L 4^ > v ^ iSRm ^ t^. 
HSAt h IgG<D:^Kffi(ifeg^±# L /Co i^RSICRv^ XT-Ji. HSA^Js^CDfciHS 
A t h I gG® ffi ^< -y r 5 > K U -n: T * o /c o H ^ ( HI 17) C L o 
[1117(c^u^rtill* y ^ ^ O X{cHSA^feg LTTiMicOBl^l^. ISE$4{i490nni 
fcfetj ^ Di^^j^;^^ L /-c, Z(D'^mJ^K). t h 14ll^fe{*g|5^i?M-^{*Jt 9- -5 + 

«2 C -E> C i *<fiilS$ n/Co 

9^^i$(D^y7V'^X (^JS^iJ 3 . K22- 7:4-^5 -^10%) J: 0 mM L , ifil 

-^^7K^^< -y -7 T -pH9. 6T#IR L fctJt t h tJLf* A §1 -V 4-' irC (VECTOR LABOR 
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TORIES. INC.. Al-3070) ^^BTy^ ^ ^ o ^ ^ 9 - ^ ^ - \^ ^ ' ^ -< > ^' L > 

^mt^n^m^^ -.x^^T^^^ymmiKt vva^xm^^^i^ (vector laborat 

ORIES.INC. BA-30T0) ^ Jo ^ T + b L ^ ^ C f ^ ^ > (t 9 ^ f ^ 

^:^->/-4r-tTfv>DHi®m^(* (VECTOR LABORATORIES. INC. , Vectaslain 
ABC4-. hPK4000) ^Jn^T^>4^.-^-bL/cm. ^ ;b ;t ^ •> / - -^r'SH i L 
TTMBZ iil^<-^y^ b> ML-1120T) (D/^.Jotc J: ^ P#Stt^450nn.OPX3feS 

-ef?ffiL/io mn^tifixm^n^mm^^o,^ Mgc (v^-v. i-40i4) 

6i IS $ tl o 

5^1^®^;^^-^^^ (mSlfll3. K2-8. ^^ym^ilO%) isJ.L<9Mm^^ 
y^-r^x (^Sfe^US. K2-3> K2-4> K2-12. ^ / y m^ti tl^' n50%. 20%. 

(VECTOR LABORATORIES. INC.. Al-3060) ^rGG^^-r ^D3^^^-:/U-b«^ 

(VECTOR LABORATORIES. INC.. BA-3060) ^»nx.T^ > ^ ^ < - h L $ ^> f3 f ^ 
f->it7^f^;b^^->^---t^i7't:-v>DH®m^{* (VECTOR LABORATORIES. IN 
C. Veclastain .^BC^ . M ^»n^T ^ > ^ b L /.m. TMBZ (M-^-^ 

5^ h. ML-1120T) (D^.to{cJ:^»mSt4*450nra©>!S^STi¥fiiELfco fliSl^ 
n/dI^ito-^^K^«t MgG (v/v. 1-3889) ^^^iL-^^xM^ 
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wo 00/10383 



PCT/JP99/04518 



9. ^^y^^^Xcf'Ot htn:{*/ciliiiig (EL I SA) 



+ V V 7. 



\g It ( m g / 1 ) 



K 2 



3 



1 2 4 



K 2 



4 



8 5 



K 2 



8 



2 5 



K 2 



1 2 



5 6 



-4) c^i^66B, SOB. 102B c^) 3 [a|{c;b/c f9 cmmmzo) tmmiz\iS.\^^^ 

LfZo t tz^ j< ^ -7 :^ (K2-12) iz^mSSB. IIB. 1 16 B ® 4 [s] :b 

;^ ^ ^ 'y 7.mm^(D\iSkiZM-t ^ t. hin.i^ k 11 ^ EL I SAvi J; o X 
mihLfz (mmmiAmm) . 50mM®^^-^^7i<^^< y ^ r -pH9. B-C^^KLtz 
HSA ( -> r -7 . A 3782) ^ 967v: ■7-i'^?ar5''f:$'-y^-hic=i-7^^ > ^ U 
U^llUA.. iX^^-C y- >mt^tn.'c: b ifii;^ k ^in-f^ (VECTOR LABORATORIES, 
INC. . BA-3060) ^UU^LX ^ >^ - h L$ ^«cf^f->{k7-9- \z^Jl7t^ 
^5'"--tr-i T >DHCD^^C* (VECTOR LABORATOR I ES. I NC. . Vectastain ABC4- -y 
h ) ^Jn^T -r > 4^ i ^- h L /c^. ^/UtT^- •> ^-"--tr SKi L TOPD (i^:^^ 
- ^ "7 h> ML-11300) CD^JDCJ; <5 ^mSt4^490nfn®i!S^j^-et¥ffi L fco HS 
ATfe-S L/c^-y^^-^xifli^t^icDtJtHSAt h/c iIO:'7{ffi(3:fe-gm±# L /Zo — 
^^S^HSICRv^ HSA^^mcDtriHSA t h t^t /c il CD fffi (i ^< v ^ 5 > 

K U^;bT^> o /-Co ISm^ (mis) (c^L/Cc l!18{cfcl.^Tg|f^ {14^ ^ ^ - O X 
{CHSA<£r|7]i6r LT*^'i<DBi^(^. ISt {i 490nin(C -5 "iS^jg^TK L /Co 
cn^,oMmJ:f9. th2 #^fe{*lEi5 5>®rn-^{*J#1-^ + y ^ v^Xicfcn^T t 

O ijt ffi ± # ;!>< |H C 5 C i 5i IS $ ti o 



( IIJai<?iJ24) b h 14S^fef*2^A+ ^v'^X7:?^^>(Z)t h infill ( il ^ L < 
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1991) lcE*nfcSS.c66u, jxo-.SBEiLTtt. Sp-2/0 
-Agl4 (*B*S!*~ 05-554) 4ffifflLfc, tg«,S .c ORIGEM Hybrido.a Cloning 
Factor (HCF, f.-^x^ ■■yy'^y^ 410»JaL96r^^U-M».cS*:i 

EUSASTSItlTLfc (JIS6M14»W.) . «SItt50»M®KK-mK7KS'<->.7r- 

l,T'<'U*+i'5'--*tS8*Stth«riv^xBc(* (The Binding Site Limited, 
MP008) «HiLT2,2-Tyyy- (3-x 

^*^>X^TV.J>-6-x**>«).-:^r>*^^A.g (ABTS, KirkegaardtP 
err, Laboratories Inc. - 04-10-17) T«* L 7«« »tt ^ ^ 

SJDAT-f v+.K-l- tfc-«- ABTS (Kirkegaard 4 Perry Laboratories Inc.- 
04-10-17) S»^>T«iiiL2B®t l-S;»r«»tt''-*%!»fc" 

K--7B!'* 

x>r.7.^. 1991) ..ESn..Sa.ce6^>. ;xp-.ffliaiLT«- P3X6 
3Ag8.653 (*B««- 05-565) SffiBLfc, tS««..hCF • T^,^ 

V) ^10XSmL96;.^l^-H0tt.C**^*- 3 B«e»ffi*CG418*Ug/.l 
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wo 00/1 0383 PCT/JP99/0451 8 

mm L . 1—3 mmi^m L 3 a --:/}< in m ttzO^ ;UOt§S±/S^ELISA^4 T^? 

(^i5iB^iJ26) G418if tt^ - ^ > i^'^tltzt h 22^m&{^(D t° ^ - p ^ < ■> > ittt 

1 c^^,^T. (^^S^]l6) i t h 22§^fef*cD t° ^ - □ ^ 

-r •> >»t±{C J: > ^'^fT-oy-Co r 2 IfflflStc pPGKPuro^ ^ 1^ ^ h a jf^ ly 

ocoma (PK P2. P3) ^m^mmt Lx^±m^ ^\9mm^<D i 9 a 

^ a - >*q# ^ ti/co L /c ~ fiM^litl* ^ a-y(Do t>?3^^<D6- 1 a ^ 
o -tr ;Kit $ffi §a . i?ttSiA9lfflSS^SSIfflSSi L/C ~ ^ oHr;Uf^A^I^«c J; (5 . t 

h 22#^fe{*;:>'^' $ «c e i - □ V < ■> > wiiit^s^tc: =t ^9 v - 4^ > ^ $ nr -5 

tmm^znfl -0 tzo ^ ^J' n-tr;U^AllB'#«c28M®G418im=3 n^- 

fzo ^ o^r;^z^cfc^,^r «^ I 'o<Dm^-mmiz^ ^ < (Dm-^i^& ^i^U(p^ 

tit. -tU^-^. 6- 1 7b<{^t^1-^G418»ti1ili^ti;^c t S 22#^fei**< $ (c t° 
i - o -> > Wttit{5^(c ci: 0 ^ - ^ > r ^ tlT -5 Ci^^LTi-^^o 

(1IJg«?']27) t h fai*fiiI^M:t-r -B^W r ij K - v ^ co t h tJii^Sil'^J'^^I 
c D N A CD f# S. O' ^ g IS 71J ^ 
(ll)!S^J15) {C*iL^TlS5(#$ n/c t h JJtf^Sil (IgM) ^^rtt" -S ^^ -r T" 'J K 

■>"->) ^f^fliLT. ,mRNA^|5?f# L fco CDNAC75 ^;?!c(i , Ready-To-Go T-primed 
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wo 00/10383 — ^ ™ , > 

3trand+. h (Phar.aciatt) ^ ffl ^ . 5 . TO « ^ - 

, -r-^-^Pr^Lf-y-y^-^- CLarrick^. BIO/TECHNOLOGY, 7. 

934-, 1989. Word^. Int. Immunol.. I, . laey^ - 

CMl ( h UMS^^lt) •• 0 -TTGTATTTCCAGGAGAAAGTG (i^^-m^ 4 5 ) 
CM2 (ISl-h) : 5'-GGAGACGAGGGGGAAAAGGG (i£5iJ#^4 6) 

HSl (. hSil^^^I^) •• 5--ATGGACTGGACCTGGAGG(AG)TC(CT)TCT(GT)C (E^-J 
4 7) (8 

HS2 (Pl±) :5--ATGGAG(CT)TTGCCCTGA(CC)CTGC(GC)m(CT)T(E?.l*^4 8) 

HS3 5--ATGCAG,A(AC)(AC)(AT)ACT(GT)TG(GT)(AT)CGCT)C(AT)(CT)(G 
C)CT(CT)CTC (E5'IS%4 9) (6U4afflffl&ftl) 

H4B7. H8F9«.C, 1 El i « PCR«HS 1 x C« U HS 2 x CM U HS 3 x CM 1 « 3 « 
, ._«ffl*^*,*.^o.>rft.> (94-C 1 50-C 2^J- T2-C 3 40* 
,,,, „_+.x;..-»±. *-v;U*..^-UO«ffl) - *«PCRSt»% 
*nenHSlxCM2, HS2XCM2- HS3xCM2«y5^--^-H««<SL.. (fi 

.^.,..*ft^.Ci.= J^^»**^'- „4B7,COUr«HS3xCM2 
^^,,.-T^m90bP®tg«ea*<«ttl*ft^c. S^.- HS 3^ 

. T .U, mm±* . X > ^ . 7 . . , 1995) PBlueScrip 
U, SK. (Strata.enett) K , . - OS.a.«.. ^ o > / L ... *SSe^'- 
SA.n..^5X= K«^%i2- S3, ..4 (H4B7, - UU «14 (H8F9, 

OUT gfts*->-^>*- <*'^"«' B>os,ste.a) mummo^» 

snri-St hCtlJVHSMlfS (Marksi, Eur. J- l">'"»l- 2'- ^^S". 1991) - 
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wo 00/10383 PCT/JP99/04S18 

JH^IHE (Ravetclri. Cell. 27. 583-. 1981) <D IS ^ij i it 1^ L /-^ $g ^ . H4B7. H8 
FQJtlC . VH 4 ^ r ^ U - . JH 2 O ^ ^ ^ i± ;!>^ C^Uh Z. t i3<n^n L tZo Z- 



6 C i ;!)<6ilS $ n/c^ / V -7 XK2-80fl$gi J: «9 (HM^'J 5 ) t^m^^-^mX'^ 
^ L^ccDNACol^-C. TiecT) 7"^ -f V - (Larrick'i. BIO/TECHNOLOGY. 7. 934 
-. 1989. Whitehurst^, Nucleic Acids Res.. 20. 4929-. 1992 ^#%Cf'p^) 
{C J; «9 PCR^n^ni 1.^. t h /cH Rl ^ M ^ if L o Pitt:^ > h o - ;b i LTK2 
-8J: «9 L /cflf fliS^fccDNASO\ (HJS^iJlO) CDTT2/Si4 3- 2 S 5fe 4- ^ ^ v 
XK3-2-2J: K> mm L Jj^M * 3fe cDNA^ ffl i-^ o 

KC2 ( t N Ig /c ii^^ffiT^i^) : 5" -CAGAGGCAGTTCCAGATTTC (iE^iJ#^ 5 0 ) 
KC3 ([dI±) : 5* -TGGGATAGAAGTTATTCAGC (iE^iJ#^ 5 1 ) 
KVMIX ( t h Ig/c ilRl^^IM) : 

5* -ATGGACATG(AG) (AG) (AG) (AGT) (CT)CC(ACT) (ACG)G(CT) (GT)CA(CG)CT 
T 5 2 ) (3456?l®?l^i^) 

*( ){±'€-(D{3:^®igS*< ( )P^® l^^■n^^;^:)^ t> n£ -BS^if^T--* -i. C i *r:^To 
PCRtlKVMlXx KC 2 . KVM I X x KG 3 ^ 7 - O ^fi ^ ^ -ti: T 94°C15^> . SSr 
15#. 72°C20f>. 40if-ri'>l/ ( - ^ > a: ;U v - a: . ^ - ^ Jl^^ ^ ^ ^ - QQOOm 

^fe-r 5 c ch (Ccfc <9t^tt5 L ;^co (3^^ ® m ^ ^ ^ -d: * ^f#$n^|^ 

420bps (KC2) , ,1i^450bps (KC3) o:> m ^ (Dmmm^^<^iii ^ tifz ^ —^j. 28 

It. 5 ffl (it-fE^^iMHI^ ^ ^ i T lig;^^±+>- f 7^ 7 -f ^ , 1995) 

pBlueScri pt LI— S.Ki_ LSX-t--^A-^R-f^.Th(^+^-^-^-9 ©-S-m-a-l-Sr^-irr(XEcoR~^ 

VB{tLiZ 9 a - ^ > y Ltzo i^^m<^COW ntz-f y X i K <75 o -e. KVMl X x KC 
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wo 00/10383 

2^^<Dn-n7a-yimmr.^^^-^^ g^^Tt T >-^- (Applyed Bio 
Systemtt) «c J: ^) . ii^iMt^cDigSiE^U*/^^ L fco }# ^ nfc^SK^'l t h Ig 

^fi. 1--e{C$S^$nTi-^a t hm{*V/c^H^ (Kleins. Eur. J. Immunol.. 
23. 3248-. 1993) . U $m (Whi letiurst ^ . MIS) cDiiSE^'i i ibf^ L fcS 
V/c 3 7 T i ') J/c 4®m^^^-t^7i^^^ii.C<!:7i<*i)B^L/Co C©|gm 

(*!£^il29) t hl4#^fe(*ir>^^<^t#t^ + >^^^^<^lfil^**'^'^ ^^^^ 
immmm <D^mim^<r^^ ^ y-^'^^ (K15AfcJ:0^-K16A ; l-4 s*. +^ 

^.^70. 50%) itari^cDt htn:t*7il^7'^^x-/i^^ (^Ife^n 

4) fc'^i^BLISAyi^ffl^^'^^ti^ = 

[t hlgGlCDi|.|S] t^t MgG&ti*(->^'-. 1-6260) ^PBST^f^L. 96rv-7 

■>^---if^if^L/.tat hlgGm<* (7r-^ >-:>^>> 08027E) ^fiDx.r^> + 
h L/cm. TMBZ ({£SK-^7^ ML-1120T) ©-^JQ (C J: 0 i$lgSt4^ 
450nmOP^^gTi¥<ffiLf.o ^ tl/cii^MO t h IgGl ( v ^ . 1-3889) 
:^ ^ i L 7 X ifE it ^ fln L f c P B S T- S Pi 6^ { ^ L o 

UhIgG2®«.lS] &CtMgG2fitl* (v/^. 1-9513) ^PBST'f^lRL. 96;t 

^yy-^^.m,Ltztii^v\imv^ A-0170) ^ud^.t-t > + --^- 

Lfc^. TMBZ (MK-^^^ ML-1120T) (D'^flD i 0 ^#®14^450nmcD 
0S^ST:-t¥ffiELfCo 1tl^$tl/c-/i^St^a©t hlgG2 (v^^'^. 1-4139) ^^i^i 
L V r:; X ifll /S ^ -/^ P B S T- S 6^ t c IK L f c o 

[t hIgG3^ifl'lS] t)tt hlgG3!5ti* O/-^. 1-T260) ^ lOO.M/ -J •> > l^K 
.< 7 r -PH2. 5 -CmR I 5 ^PB^/aT-rAl L lOOmMU >m^< v 7 r - pH 
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wo 00/10383 PCT/JP99/04518 

0800TE) ^^D^r < > ^ zL<- b L /c^. TMBZ ^ v K . .\IL-1120T) 

igG3(v^'-7, 1-4389) =^mmt o :^mm'^mtnLtz?BS'cm^^izmmL 

[t hIgG40aiJ^] t hIgG45i;(* (v^v, 1-7635) ^ lOOmM^:'' 'J •> > 
-7 ^ -pH2. 5 T^f? L 5 55- Pel MS Tr Sit g L /cm. lOOraMU >^^< -y 7 r - pH 
7. OTlOfStc^f? L. 967v:^ -r ^□:5''f^-:/U-h^=i--r'< >rL/Co Jfll-?» 

08007E) ^m^X 4 y^^<- h L fc'^. TMBZ iii:^^-^ ^ 4 h . ML-1120T) 

igG4(->r^s 1-4639) =^mmtL^'yxmm^mi]QLtz?Bsxm^^izm^L 

fZo 

- :^ ( ■> ^^''^ . 1-6385) ^96;v^ -r ^ n 9 ^ 9 - -f V - h{C3-7^-f >i>'L. 

wmun^m^. 'dK^^^-c^ji'^ =^ y--^mm.VL\^ v um-^ (The Bind 

ing Site Limited. MP008) ^1]QA.T-( y^sr<- h L/c^. ^Jl^^yy--if 
mKiLTTMBZ ({^iS-^-^^^ ML-1120T) (DBUdIZ Ji K> mM-{S^±^i50nm 

(Dm^mxwm l. mm^ntz um^i^-o-mmminKD t igM Jitj- y > • ^ 

^-7^. 6001-1590) ^^mt L 7; ifn ■/» (->rv, M5905) ^mmLtzPES 

r-^m&^izmmLfzo 

'^^^miO^ZTjki-^ ^ / ^-70 XKlSAi Ki6A<7j 2 1I 1 gGl, lgG2. !gG3. IgG4 



9 1 



10. 4-^7^^^ 



j.y^'jT. 18C1 UC2 1803 lgC4 UMC8/n 



K15* 
1(16A 



2.25 1.96 0.17 0.43 T.09 
0.30 0.69 0.10 0.07 0.87 



.LT (!tffi«26)TK»Lfc6-l (A9/»22. 0418, f P - ^ » 
B»4H.>/.. a*6*eS?««aiLTtt5tfiTT2fflK» («M9) 

o * i - ° - ^ ^ ^ ' 

□ v-f vySK-Cffil* (*«MS) cD0418Btt»®«««^i^»'^'-"^''^° 

t h22#^fe(*»Rt*lifi-a v-f ■> >l»ttt»P022 
M2) i |s|»IC(T'i '-<■ cl-i<:«*e;i» 

( 1 ) PCR(¥»ft 

f._ov^.>>ittt»yVi.D»**»MiLTth22#*ft»±l^#S^4 
(OenetU Maps.fflE) 2 ; A9/.22) trSS*<«*n 

T.^510a»^^9^— (m«12 ;*9/.22) 

..^.>>BttTT2««a»P022-16*«'rVADNA.CouTR-.^.. 
(H19) c*^. a*£W..0NA5^^fi«*Lr^. PG22-MC«.J5^<>H.^-.- 

ffl22#»ai*«ti*^|^PC22-uc»ASftfcci*<as.snfc, 

9 2 



wo 00/10383 




PCT/JP99/04518 



(mmmsi) t h22#§fefef*^f^^#t-^-7 ^ xes^ass^ (tt2 ) 4^ y ^ 

- D -7 -f ■> >itttTT 2 ,|iSSf5^PG22-l*ritlt X h -y ^ J: 0 32 ± (f. ICR^ tz (iMC 
H(ICR) (B^^UTtt) mm-^ O X<y:>^W,lZJ: ^m^tlti 8 mmMMiZM&tziQ 
10~12{iiaA L /-Co ES^fflSa^i^ifi (^M^iJQ) T — B^t^ft L TE^iiS tc $ i± 
tzik. 5 B CD{5fIICRv ^ X (H^i'UTtl) ® ^ ^ >t ffJ ^ 

S * rc !9 ^iti 1011 CD > V i ^ -> 3 >m^t^ULrzo 

^ / yi'^mo^mm^ (^11) iCTj^fo lt266fli®?±AE^?^M L 36E 
CD^ x;i<iS^ L /Co ^feCfc(->T?iiE (ICR) **oBfe 

© 4- ic TT 2 ffl * ® i?^ ( rii ^ ) ^< IS a6 n ^ 7&^ 9 Ti'Mc J; i9 *iJ ^ ^ n o 

mcomi6 ^ti^mt^ii 8 ^x-^ ^ tzo 

CCD^^J;«9. t h 22#^fei*^f^ltt- ^ ESIfflJiS^ (TT2S^. PG22-1) ii ^ 

^LTK^^ z tt<mm^nfZo 



ti>^fe{* m■\±w^^■ rzsmmm^^ -hco^ ~2ox 20-50;^ 50-80;^ 



TT2/522 



PG22-1 266 



36 8 4 1. 3 



wo 00/10383 ^IF PCT/JP99/04518 

(lli!iSf?iJ31) y 7 V XKPG22- 1 ~ 3 OIM/r^^© t h taf^/igjg^ (Hffil^'J 
14) Ct;£>.^ELISA/i^ffl l^T^m L tz^ 2 y^®+/7-7^xJ:i9 gjilfa L > 
ifQyfi+iCDt h tn:l* A il^ELISA?* l^T^ttS L /Co PBST'^f^ L fc t h fejg 
r D y >J > A llinlf* (VECTOR LABORATORIES, INC. , IA-3070) ^%K-^ ^ ^ a 9 

^^-■fu-hizri-y'^ >rL. ifartp^l4^SD^. ?^ I ^ tr f ^ > n it^ L tjt 

t l-feSraT-'J >AiIt5T[{* (VECTOR LABORATORIES, INC. . BA-3070) ^tn^r 
4 > + ^ K - h L ^ t" :t- f- > -fk 7 f" ;l/ + V y - -tr" i 7 f >DHOtI^ 
(VECTOR LABORATORIES. INC. > Vectastain ABC+ -y h) ^»D^T^> + i'<- 
H L/c^^ TMBZ ({£:S'^- ^ ^ -f KML-1120T) ©^flQCJ: 0 #^rStt^450nin 
CD D-S 7t !¥ <ffi L ^ lfM$ n/c A ii^ttoiiJK^^O t MgM (;^H*Mlis Ul 
3200) ^liPi L -7 Xlfil?t^?^^JO L /cPBSTSPgfitJCffiff^ L /wo ^m^^l2<c 
^fo CCD^^J; '922#^fei$^^it^i. + y ^ V x(Cfcl^T t htti* Ailit 

^12. +y 7 xcf'© t A aiiiS (ELISA) 



^yvv-^X ^/^m% IgA(mg/l) 



KPG22-1 50 12 

KPG22-2 50 18 

KPG22-3 20 24 



(nmm33) t h 22#^fe{*5^ a+ y ^ ^ ^ xiaimjcfctij- tit t h HSAt h w 

^/^-70X (mmm3l. KPG22-3) {C^'#79H. 94a. HOB © 3 [E]{C;h/c 

19 (msffi(?y20) tmmiz\\s\^^i^Lfzo Mm^(D\i h^i^^xm^^ (mmmi^) 

9 4 



wo 00/10383 PCT/JP99/04518 

iz. '^tt^^Ells^■&^m^'-c mth L tzo 50mu<Dmm- i^m7\^M^< y y t -pH9. e 5 

u g/ml(w#f? L/-CHSA ( > ^ . A 3782) ^96/v:-7 -f^'a^-f^-^u-l^Czi 
- T- ^ > i:'' L . Ifil IS ^4 ^ CD ^ . f- >.if I^S L /-eta t |> feS D y U > 

AIMJaI* (VECTOR LABORATORIES, INC. > BA-3070) ^ ^ T -T > 4- ^ < - h L $ 

f ^ ^ > ft -7 +>• f ^ ;U 7|- + •> - -tr' i T f V > DHCD ^ ( VECTOR LABORAT 
DRIES, INC. . Vectastain ABC+ -y V) ^DU^X ^ y ^ - V Lfz'^^ TMBZ ({£ 

ML-1120T) <©-^Jn{C J: 0 ^^7gt4?r450nin®i!S7t;g-ei?ffi L /Co 

-;5>f^.BSi L fcICRv XT(1, HSA^S^cDtaHSA t t-tai* A II ® ffi (i v< .y 
r:'-^ > K U'^/UT*. o /Co (1120) C^^To lll20Cfcl^r1t$4ti^ / ^ 

V ^ X {C|;gi6THSA^feg LT;>^'i©Bl^:^. r^flA{i450nin«cfe^{j- -5 ?5^Jg^7K 
L/Co C ti tjOSm J: D . t h 22ll^fef*^^^t- ^ ^ ^ -7 X {C:jo l>T b h 
tJtf* A lliie^;i><*it^ L. $ (ctiHSACil^.^iJ^C^J LTial^^SS^ t h Ig A <D 

» 

(llilfe^i|34) t h 22#^fei*:^A4- y 7 ^ x/)^ t>CD t h ^ 

(IIS£^J25) il^^fc (HJS^JSS) {c:}bH^T t h T;U7" = >T-feg L/c + y 5 

V XKPG22- 3 /)^ i^j^^milSH g {CfflM^S? «9 tli L ^ i ^ n - v^ffliS i JfflSSlife^ 

p - yiK^mmmi'^K^^. li^tt-y-^ >7^ -7 ^ . i99i> {CiS$ n/c;^/i(c 

^ a- vSBSSi LTtl. SP-2/0-Agi4 (;^B:$:^M. 05-554) ^{g'fflL 
/Co If S ?g C HCF • 7 '7 > ) 10%^SD L 967^ f u - r 5 tSc C ^ ^ iA , 

1 ~ 3 ilFe^ig^ L 3 D ^-;:?<lii^ L /c ^ i >UCDif «±^^ELlSAi*-e^?tjT L /c o 
ELISAyiti (^S£^iJ33) i |H)li fc fr/i o . t h tJti* A III^^cd □ - > ;^ 4 

/Co 

CJI-M«5-)--t-h_22-#-^-m^-iI5^-ffii-M^S-^'-^l-4-#^-fe-i*-gB-5^ 

■r -5. ^ ^ XESafla^*'^?Xf# 

9 5 



wo 00/10383 PCT/JP99/04518 
^^^^ ^^^>- 

ovi-^yiim) mmm^m^^'tzo lt lii-Ttc t h i4S^fe 

f*S[5^7>ir)t*f*^# L Tl^ -5 041811^*1X2^851*1- 4 (^JEl^iJ 9 ) ^ffl fCo 
n -tr ;US4^^i^fe J; 0^" e ^ - p v ^ •> >m\±^^co MiRitO. 75// g/ralcD t° ^ - n ^ 
^ ■> >i^mvmit (IISg(?i|9) c7DG418inH-tt»iliROli^i [5)»{crr^<i: o rco 
l^mtiiJJ L t' ^ - D ^ ^ -> >»tt»©tiii|g)g(il- 4 ^SSlO'fS^fc «9 1-2 
HT-^ o fco C n b ® ti ^ - n -7 ^ -> >initttft(i300 // g/ml ® G418?¥^£TT- ^ ±i 
-5 C t ^^^GilSMi\± |5]B#(c{^J# LT § C i ^tifzo — SM^iJffittt 

CD ;t S # . y y ADJ^AIs^f^fi (^SS^iJ2) tmmzni-l -ofzo t h22#^fe 
f*S^a\ t M4^^fef*gB5^iTn■®^^^#{l-fi^?Rj»tt^PG22-5iCOl^T0TO 
PCR^?l/f (C J; 0 5ilS L/Co " fi^^iJWttfty / A DNA^^M i L T k h 22#. 14 
#^fef*±(-??;£t- a itfe^ (Genetic Maps. ME) ©9*.. 22#^fe|*{Co^> 
T(i (UMi^'Jl. : A9/#22) . 14S^fe^4^Co ^.^T (^ffi^'J9 ; TT2/il4 1-4) 
'C^^^<mm^ tlXi^ ^ ^ ^ y ^-{Col^TPCR±ilti^^T^A o /-cgm. 22#^ 
fef*(CooT{110?l©^ 3 licDv-^- (D22S2T5. D22S315. IgA) . 141=^ 
fef2^:(Co^,^r {iTT2/S14 1- 4 C L fc^T v - ^ - dj $ tl fCo iai±cDm 
l^{3cJ:«9> f4 n/c-fiiitttTT2 aSS^ti t h 22S^fe{*^55-iTM- ^ 14S^fe{* 
gf5 5^ ^ |5l Bt C T ^ ^ t ^<mr)^!^ ihtitzo 

immmSQ) t h 22#^fei*if|5 5^ifTn-S:C>\ 14#^fef*^^75-l0rn-^l5]B#{c{^tt 

(^Mf?iJ35) -ef#>>ti. t h 22#^fei*g|55^iTn-&y"14#^fef*a355-KK-^{^^ 
t# L Tl-^-i) C i ;:)<BtlS$ n/zG418, t" ^ - □ v ^ -> >z:fi»1±TT2 lffllSI*PG22-5 
h y ^ J: 0 ICR^ fc{lMCH(lCR) ( B ^ U Ttt) Hftl^ ^ X 

(T^^SSecJ: iot^i^nz-c 8 lffi3Sa^E{cE^)/c '0 10~12<l^iA Ltz^ ESIIBSffli^ife 

(M)5£fi^ij9) 'c--m^mirmmmiz^^-^itfz'ik. i^i&mmMm. o Bo^iRm 

ICR^ ^ X ( B * ^ b Ttt) (7)^^g{CfrfIi|(75^g^/-; 0 I^IOIICO -f > x ^ ■> 3 

9 6 



wo 00/10383 PCT/JP99/04518 

^ / ^ il^m(^mm'^ (^13) iZfjk-To it302IIi<Z)^±AK^?f ffi L /c;^m. 16E 
co^^ ^y)<m±LtCo ^ifefcfcH^TSiK (ICR) S^O^efe 

CD 41 TT 2 ffl ss * 3^ © if ^ ( ^ ) ^<m H6 <h ti :h f 0 iz J: ^ nm ^ ti ^ o 

ij^ CD l,S i6 n § fli {i 5 E -C ^> /c o 

t h22§lfefei*g[555-SffitSO'14#^fef*§l555-lifrit^^^t#^-5ES 
IfflSSI* (PG22-5) 4^ ^ ^ ff^i5£t^^{^i^ L T ^ . ^<i: ^ ^ x fli f*: co IE S ^ 

gl3. t h22S^m^!^il4§^fei*^{^^-f-'5TT2,^at^X)M^>cD^y 5 ^'i' X 



t h^fef* v^^^- fi^'MMWiML^ CO^ iniCO^ —20% 20-50;^ 50-80?i 



TT2/j;22fl;14 PG22-5 302 16 5 3 2 0 



7E. m 

(^M^iJ36) (KPG22-9. 10. :feJ;G<12) L T . HSA^fe 

iSL/Co KPG22-9iKPG22-10{C{±^milili§-efeJSL. ^ ® 2igrB^m C r;glfil L 7Co 
KPG22-12{C (i^^ 7 iii^i 9 ili^ 2 2 gfeig L. 2 jggcDfeJScD 2 ilFamc fulfil 
L /Co 

^ ± b h CD aj !3 (j; PBST - # g^l._/c_a_b_h-^.-^^:ia-:7-^)-^^;i-^a ^ji--^j^-KHT^ 
egaard k Perry Laboratories Inc. > 01-10-11) ^gS/v ■^^r^'D^'-fi? — ^U — 

9 7 



hizzj-^^ y^'L. ]kmm'4^Uni.. * I ^ T- ^ ;u Tt- 4- -> ^- - -tf" ti sSj f/L t h feg 

/ D 7" U > ^ (The Binding Site Li mi ted. MP008) ^Sn^tTi' > + :i'< 

- h L/C It. •> ^" -Hz'SKc!: LTTMBZ ai.:^<- ^ v ^ ML-1120T) 

©■^^□C J: iQ i?^/gtt^450nm(7:)D&7t]g-ei¥ffi L. ff^^n/c A il^itoilggt 
*n®t hIgM (;«ca*Sl^. U13200) ^ xifait^/^JnL/cPBS-e^5Pg6^(c?Rr 
m L tz h t btiii L iSsim ^ hin;{*itlg^*^6;^Co t h tnii* life J: C/' t h &i 
I* A il^ELISA/i^fflt^r (^S£^j29) *> i: (mSg^iJ32) i Ih] 1« {c tfa • S 1: 
Ltzo ^^^^HC^-To +y ^^^x-Cti Alii ^j{c^ttl$n/Co t 

X (K9) . t h22#^fei*0^^^^t-^ (^Sg{?iJ31) ^ ^ ^ X (KP 

G22-2) OIfa-/S43 0 t h tJti* A II;5^o iI^ltotn;i*«iiJt(i^< -y ^ ^"'7 > K L/'^ 

;S d i 61 IS $ n o 







ai4. 


■1- 

-r 




■7 X t^l® t 


h (ELISA) 




ES^D- 


> 




m 


% 


lgM(mg/l) 


Ig A (rag/l) 


IgM. A (mg/1) 


PG22- 


5 


KPG22-9 


30 




2. 54 


9. 9 


0. 043 


PG22- 


5 


KPG22-10 


5 




4.96 


21. 5 


0. 333 


PG22- 


■5 


KPG22-12 


40 




3. 71 


7. 0 


0. 048 


3-2 




K9 


50 




6. 66 




< 0. 003 


PG22- 


■1 


KPG22-2 


50 






17. 6 


<0. 003 
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wo 00/1 0383 PCT/JP99/0451 8 

CnmmSS) t ho 2 ^ & {* g|3 5> i/r S: 14#5fefe(*gf5^!frK-^f5]B#{cf^gtt 

ii ^ w -r ^ f* ) 

(mmmid) -ef^ili L + y 7 -7 ^ ;^KPG-15 (TT2ES ^o->PG5S5fe. ^ / 
^miO%:> fcj^ L T. 2 3 t ^ i^OPalC PBS{z/§|? L t h ito/f T ;U 

7" i > (HSA. v^'v. A3782) t T ^ ^< y h (MPL+TDM Emulsion. RIBI Imm 
unochem Reseach Inc.) i ^ L T 0. 25mg/in 1 cD HSA/§?^ ^ I^M L 0. 2ml ^ 3 

\s]^mL. mmtfzo t tz^m. 6iii$® (mmmiQ) ©^^^v^ xkpg-26 (tt 

2ES n - >PG 6 4^ ^ ^miO%) ^^^Uft L tZo Mm^(D^^ t hifLW'^ 

(m5g{?<J14) {i'(A£i^ELISAS-C.t^|±i L /Co PBSTl&f? L /-eta t h^jg^'o^ 
U >/cMin;{* (Kirkegaard & Perry Laboratories Inc. ^ 01-10-10) ^Q67\-^ ■< 
^ai^-f^-y-U-hizzj-T^^^rL. Xifc/t ( •> M5905) ^ JD^ 

y" ') y uMtKi^ (The Binding Site Limited. MP008) ^M^T >'4-j.'< - H 
Ltz'^^ y--^mmt LTTMBZ ({£^K- 9 ^ ^ h ^ ML-1120T) CD^ 

b h igM (;f y > • ^tr ^ 6001-1590) ^mmt L -7 ^ x mm ^-^^im L 
tzPEs-c^m^iz^mttzo icm. umi^'o\,^x u (^js^ij20) tmmz tr^ 

^ /c^=f.HS i L /-c t h 14#^fei*0<?^^<^^t--5 (llJg^JlO) cD^y^-T'^x (K 
9) . t h 2 § (^i5g^fJ13) ® 4^ y V ^ X (K2-9) Mm 

^(Dh h iai* c"' /c II;^^o ^ ii^Jtotai*-^g{iO. 002mg/nil Jil T TT ^< -y ^ ^ ^ > K 
U-C^UT^o/Co t h 2 S^fei*g}55tirK-S:J>'14S^fe{*g{s5tiT 

it^{^f#t--5ESIffliafi3fe4-y^^'^X{C*5H>Tt htai^/cilitfe^ih htA:<*:x^ 

triW^<m^^n^ C i 5S IS $ n o 



9 9 



15. 



0 7.^<D t h j5t(*it^(ELlSA) 



PG-5 


KPG15 


10 


0. 18 


PG-6 


RPG26 


40 


1.52 


3-2 


K9 


50 


6.66 


5-1 


K2-9 


40 





1.01 
1. 26 



135 



0. 075 
0. 018 
0. 002mT 
0. 002iaT 



Tt± C39. SO) ®as&(t«'**'*^- ■^'^^ 

M ft ^i: o 0 ^ ® ^5 ^ m ^ ^ _ ^- , 

ADNAl5Jtf(i (^^^'12) trnmi^nf^-^t.. hh2§=.H1^ , 
«l«t..t*P-20. P-21.o....T.PCRr.t....0m.L.c. ^Ltt^^ 

.0NA^^§..Lr..2t^fe^±.^«t.^1.^^ (GenetUMaps..!. 
(m«ll ;A9/t2w23) ^•M^<m^^ e nx ^ ^ v . - - C . . 

BPU V.l-2^3aco.^rPCRttri^ft^-^^^^^^ 2^*'^^ ^S^T^ 

5 ^ -7 - o l^ r e n ^ ti^s*^^^5t^s $ n fco 

,e.nf-h'.-o7'f->>itttESlfflf!S.t* (TT2F. XO) lit 
j,:^ _h (7D H i^jc J: 0 > f# ^ ^ 

I 0 0 



wo 00/10383 



PCT/JP99/04518 



CmM^miO) t h 2 #^fe{4:SI5 5^ifTit^f*f#-r •?> -7 XES$fflSS.^ (TT2F. XO) 

n/-c e ^ - a ^ -> ym\^TT2?mmw?-2i^-m^ ^ h -v ^ j:. <o al ^ ± if\ icRt 

CO ^ ^ ^) /-c *9 Ji^lOflio-r > i;' X ^ •> 3 >E^ff *i L /-Co 
^fe{cfc^,^TeiK (ICR) 4i{cTT 2 mSSfi^Oif^fefe CM^) f)< 

isfe i^n^^^i- ^ «9*ii^$n^o ^ ^ ^ fpsii®$sm^ (^16) iz7jk-to m 

C<D$§m=fc'9. tS2 #^fei*g|?5^iT>t^^J#^5ES$fflBS^ (P-21) {i4-y V 
T ^,^ ^ C i *<5tlS $ tifzo 



fcF^fei* Lr-i8,^^S« (75^ HKDm: -20% 20-50,^ 50-90% 100,^ 



TT2F/?2fg. P-21 141 20 9 0 2 3 



(^J£(^i4i) ^ b 2 3 yk&w^^mn^i^n-t ?>jw^^-^-^-/-^-^-'y-x-(D-m'm 



1 0 I 



wooo/10383 w ^,ymm%.v^2 

-1F~4F) J;i9^lfaLKn«4^^ t h tnll* /c M/i^^ 

+ y7-7r:7X ^^7'^% Ig/cCmg/l) 



K2-1F 


100 


66 


K2-2F 


100 


156 


K2-3F 


100 


99 


K2-4F 


100 


20 



(K2-1F) . 5E*2E (K2-4F) « u T tStb . n 3 »1» v - 



1 0 2 



wo 00/1 0383 PCT/JP99/045 1 8 

(91 -7 - 7^ - (0X174. HaelllBIrn-, — -y -i^ > v - > ) fc ct C^'i > K <D DN 
^EPT'^L/Co ^fflfcPitt 13 > h n - i L y V K2-1F, K2-4F<3D^gS 



1 0 3 



^_ PCT/ JP99/045 1 8 

WO 00/10383 ^ 

(^^(?i!43) t h2S^fet$gi^5^iT>r^f*itt-^^^^ESlfflBS (TT2. XY) 4 

ii+y 5K2-18(rfcl^-C^^tgS^^i:m^^^^ltLT^^^^tltt*<^^o + 
- n ^ ® S?^fe+ ^ ^ lOE^ ^ ^ 7 J: 0 HS^ L / A DNAfC o i,^ r 

r-nmmm^nxi^i2m<D-fy^^- (Cs fabpd cmffi^ui) 

i^)t^i*lt1-^TT2^iS*5-l*<+^^-^'^^*^-«S^^'^«^'-^^'^^^ ^® 

immmi2) « + > ^ v ^ 7.^^k2-if-i~io*5^ c'^'k2-4f- i s ®ifEm4^o 
tzo (Mm^J42) Ti#^>n/c^fef*<*5^®^^i*'-^i8(c^t-o 4=-y7 



1 0 4 



PCT/JP99/04518 



¥1 + ^ 7 ^ ^ X 


^ ^ X (1 f* § 


b h 2 #^fef*ifrn- 


1 g K (rag/ 1) 


K2-1F 


n 


- 


0. 58 


K2-1F 


S2 




84. 1 


K2-1F 


#3 




12. 8 


K2-1F 


#4 




15. 1 


K2-1F 


as 


- 


0. 52 


K2-1F 


#6 


- 


0. 58 


K2-1F 


S7 


- 


1. 30 


K2-1F 


#8 


- 


0. 90 


K2-1F 


89 


- 


0. 56 


K2-1F 


#10 




28. 8 


K2-4F 


#1 




0. 04J^T 


K2-4F 


#2 




23. 3 


K2-4F 


#3 


1 

T 


11. 8 


K2-4F 


#4 




0. 08 


K2-4F 


US 




0. 06 



(^M^'J45) t h i4#^fei*si3 5JifTJt2g A4- y ^ ^ ^m■mm^!^(Dm^ 
it^^m. m^it^mmmmi2^i^f^^^i-^mmm ■ ^ ^ h;^^>-i989. 

X^m.^k^ a h zi - Jl.^ IQQI^ ^Mit ; A. Doy 1 e and J. B. G r i f f i ths. "Cell& 
Tissue Culture: Laboratory Procedures", published by John Wiley & Sons L 
td.. 19"96"^ lWWmTQl~oT^W~Q'~^^~^~~(0-^/-'^ v -j; x ("KFGUB ; PG16W5^7~ 
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hMm^i%tv?^s^-^^ 7;^^u•v^^'<><vf■:t•>TT^-b (FiTc) mm 

t5tvrt;xCD45R(B220)&t(* ( 7 r - w x > . 01124A) t:' ffl ^ "^fe L . i^fe 

08072D) ^/c!i«fi3ch LTf^f-V^taett h A iltai* (7t-^ >v 
08152.D) t^m^^f^m^ xhU^hTli-v>^^^^'J^'J> 
>-:>x>. 13025D) t:-^feL> 7 □ - ^ ^ h ^ MJ - ( ^ H > 'v + > 
FACSorl) TPt/rL/Co ttz^^^tLXt h ^ f*t# L iMCR-r X 

022;c$g^^^f-o hlgM . MlitiCD45R(B22 

0) :&,1^-ro BlfflBf3v-^-CD45RPitt (FITC) T" o t h I gM^te (PE) 

IB m a ® t c ^ il L -CI- ^ § ^ffl O # ^ 7^ ^" 5t "^S $ n /c o 



(11560^1129) . (^life^J23) . (mffi^J32) fc T t h tr[{*fiil> /cil. A 

m^^n^-n^^i- ^ ^ i $ nf.^ ^ ^ ^ ^ ;.ki5a ( i- 4 -t***. 

loc^L/c^-s-ci^s^) > K2-8 ^nmmi2-c-i^m) . K?Q22-2inmm^ix-i^m) 

' Ki5A (»il) 

^SM^ffl : HIGMEXl-2 : 5' -CCAAGCTTCAGGAGAAAGTGATGGAGTC (i£^-JS^53) 
HIGMEXl-1 : 5- -CCAAGCTTAGGCAGCCAACGGCCACGCT ( VH3BACKO 2ndP 

CRl^(5&ffl) (i£^'J§^54) 

pJ^^mScffl : VH1/5BACK (59°C. 35cycles, Marks^, Eur. J. Immnol.. 21. 9 
85-. 1991) . VH4BACK (59r. 35cycles. Marks'^, fjie) . VH3BACK(lstP 
CR:59°C. 35cycles. 2ndPCR :59°C . 35cycles. Marks^. flJilS) 

1 0 6 
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• K2-8 (^m K ) 

^^^I^ffl : KC2H : 5' -CCAAGCTTCAGAGGCAGTTCCAGATTTC (iS^ij#^55) 
°r^nIllEffl : VI<1/4BACK (55°C, 40cycles. Marks-i. Eur. J. Imranol.. 21, 985 
-. 1991) . Vk2BACK (55°C. 40cycles. Marks'^?. siisE) , VkSBACK (55°C. 
40cycles. Marks'^, msd) 
' KPG22- 2 (^11 X ) 

IGLl-CR : 5' -GGGAATTCGGGTAGAAGTCACTGATCAG 

IGL2-CR : 5* -GGGAATTCGGGTAGAAGTCACTTATGAG (ie?iJ#-^57) 

1GL7-CR : 5* -GGGAATTCGGGTAGAAGTCACTTACGAG (i2?iJ§-^58) 

°r^^I^ffl : V A ILEAl (55°C. 40cycles, Williamsia>. Eur. J. Immunol.. 23. 

1456-. 1993). VA2MIX(55°C. 40cycles. fuiecWi 1 1 iams t> ® {C ^> -5, V 

A 2LEA1. VA2JLEAD ^1^^ ;H:bT-rl^ L t CD ) . VA3MIX (55°C. 40 cycle 

s. HUseoWilliams'iOf6'^{C^).SVA3LEAl. VA3JLEAD. V A 3BACK4^ ;bib 

^ti^'tim-^m^m^'^m.m.WLm im%^zm. /ciism. amss) ®m<?»-^ 

^-fr-^94°C15f>. ^n^'n® rI^^IM^^ -rv-tc^LT^r^-U > ^'fi^lS^^-^. 
72°C20©>. ^ n-?no nj^gl^y V -f -9- < (/n-^>ji;U-7 

-til. •9--^>U-f--r ^ ^ -9600Mffi) ® ^^T•^T^<^ o /Co VHSBACKfcfett -l)2ndP 
CRt± IstPCRcDititl^^I^ (HIGMEXl-1 X VH3BACK) CD >^ 5 -f ^ - <D ^1 ^ -tirTr 

^ imm. : 470bp#ifi. ^ii/c : 400bpfj-iSs ^ilA : 510bp#ia) CDifipi^^J 

^ !^ -1^ t±i $ n 7i^ o /c o C n T ^" n - x J: prep. a. gen 

e Cy<-< y K) J: «9 tft t±5 L /c^. SijpgP^^S (mil : H i nd 1 II -Ps 1 1 . g 
ii a: : Hind! I I-Pvul U ^11 A : H i nd 1 1 1 -EcoR I ) L. pUC119 (^Sit) rJ' 
^CD-Hrnii1-1-I— PTrl-a5-{4-(-Sir)^H"iXd1-!1— HlWl1-2(5-{ji-r«"l^ 
coRlSBfi ( A ai) tw a - > L ifiiS^i^c^Jf A $ n/c ^5 x ^ KcD -9 
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yed Bio Systetn^i) ^ K> . mmm^<Digm^f^\ ^ ^ . 

• HIGMEXl- 2 X VH1/5BACK : [09 a-y. 

• HIGMEXl- 2 XVH4BACK : 8 ^ a - 

. HIGMEXl- 2 (2nd PGR. HlGMEXl-1) x VH3BACK : 5^a-> 
. KC2HX V/c 1/4BACK : 6 n - > , 

• KC2HX V/c 2BACK : 1 9 a - 

• KC2HX V/c 3BACK : 4 ^ a - 

• C A MlXx VA ILEAl : 5 ^ a - 

• CAMIXxVA 2MIX : 6 ^ o- 

• CAMIXXVA 3MIX : 59 a- > 

f# bn/-^»iS^'J^DNASlS(Hitachi Software Engneering) ^z^^m^tf^^ 

(^Sfe^il46) {cfen^Ti*S$n/c^«i^?'J (*l*lT^o->. /ciSll^'a->. 

4. 1.2. 3(D^^^^tiztfzmm^^mi^iz^i:^6nm(Di^m(Dmm 

i(D'^%^ (S19) ic^i-o 1^ 2 {C-^l^THGenbank^Cgii$nTl^S^?i 

(Cookii, Nature gentics. 7. 162-, 1994) . V/cifrM-{l (Klein^. Eur. J. 
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Immunol, 23, 3248-. 1993) . VXmfiii (Williams'^, Buie) <D m.sE.jH^Vt^' . 
^vm^y r i -^t^i^m'PiziE.LfZo 3 {Coi,>T{i (Ichihara-i, The EM 
BO J.. 7. 13. 4141-. 1988) CDfS^{3fE$n/c^M^^iJDaiTK-iO;f>^a V- 

4'«Ci2L/Co DNMCo^,^r{l (Green^. Nature Genetics, 7. 13-. 1994) T 
|g^$tL/-c#fLL^DN7riiJ-iT>T-i%;t'in'5o 4(col^T{il (V). 2 

(J) . 3 (D) <Dm^^ h tiz^ ^^irticD^mm^^\m)^K hM^^'tz^ tifsi\.^m. 

*<tl^$n. ^<DW-i^a:>m^ itS.lbp-C^ fzo 5 fco ^,^x^i&igSiE?|J^DNAS 
fco ^ 4^ ^ {PJI (c § "51 ^ O ^ □ - > r {cMffi Lfcy ^ ^ v-^S.<>'# D - 
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V family V segment 



K15A 
VHl 



VH2 



VH4 



K2-8 



VHMS 

VHl ^6 

VHl^o 

VH2.5 

VH3-21 

VH3.2J 

VH3-23 
VTC-lj 
VH3-23 
VH3.33 
VK3-33 
VH3.3J 
Vla4.34 
VH4.59 
VH4-59 



CDRj 

vns S SWTEY YYY C MD V 
GG n>tVllCLriTD\VTrDL 
APYSGR5DY 

ERYYGSGSYQDYYYYYGMDV 
GGYSGYED YYYYGMDV 
SYFDW7DFDY 

EGCSCGSCLPG YYYYGMDV 
.^■iGDPYFDY 

SGWDY 
TQTDL 

EGGYG3VGDYYYYGMDV 

GGYSYGYDYYYYGMDV 

QYZSGWTDY 

31YSSGWYY7DY 

GRlAVAS?DY 

GSGSYFHrDY 



J CD) 

Jo CDNl) 

j2CDX?'1) 

U(DK1) 

Jo CDXP'l) 

JoCDKi) 

Ji (DX?I) 

Jo 

J4 
Jj 

74 CDN1-) 
J2 

JO CDXP'l) 
Jo CDX?*I) 
J4. (DKl') 
J4 CDNl^) 
J4 CDNI-) 
i4 



V primer Clone 



vH^aACK : 


-14-10 


VHI/3BACK : 




vHi/5BAc:< ; 


r.l-6 


v:-h/53ac:< ; 


rA-l 


v:-:i/53ac:< : 


r.l-\0 


VHiBACK ; 




v:-:i/53ac:< : 




VH1/53ACK : 


■■:i-3 


VH1/53ACK : 




VH53ACK : 


r3-3 


VH4aAc:< : 


■•4-4 


VH1/53ACK : 


■":i-9 


VHjBaCK 


■■3-5 


VH4EACK 




Vri43AC:< : 


r:4-li 


VHstBACX ■ 


■•4.2 


VH43ACK : 





V< 1 


018-3 


QQKDNLPFT 


J3 


V < 13AC:< 






QQTDNLPIT 


J5 


V K i3ac:< 




013-8 


QOKDNL-'FA 


J3 


V«2BAC:< 


V«2 


LI 


QQYKSYPLT 


J4 


V « 13ACK 


All 


MQGlhLLT 


J4 


v«23ac:< 




All 


MQGTHVvTr 


J5 


V g 23ACK 


V«3 


All 


QQYGSSPTVrr 


Jl 


V < 3SACK 




A27 


QQYGSSPFT 


i'3 


V K jBaCX 




A27 


QQYGSSPLWT 


Jl 


V«3SAC:< 




A27 


QQYGSSPPWT 


Jl 


V <33AC:< 




A26-10 


HQSSSLPQT 


J I 


V « 23ACK 


KPG22-2 










V A 1 


DPL3 


AAV/DDSLDVV 


JC3 


y X IL=M 




DPL5 


GT^VDSSLSAGV 


JC2 


V A lLH.ii 




DPL5 


GT^SSLSAGVV 


JC3 


V X ILE.\1 




DPLJ 




JC2 


ILE.A1 




DPL3 


QSYDS3L5GVV 


JCj 


V A ILE.^1 


V A 2 


DPLIO 


CSYaCSSTLV 


JC2 


V X 2MIX 




DPLll 


S3YT3SSTVV 


JC2 


V ; 2MIX 




DPLll 


SSYTSSSTLV 


JC2 


V X 2MIX 




DPLll 


CSYTSSSTFV 


JC2 


V-l 2MIX 




DPLll 


SSYaGSNNLV 


JC3 


V X IMIX 


VJ 3 


DPLll 


SSYaGSNNFVV 


JC3 


V X 2N(IX 


DPL16 


MSRDSSGKLV 


JC2 


V A 3MIX 



Kl-1 
Kl-3 
K2-2 

:<2-i 

K2-5 

:<3-i 

K3-4 
K5-5 
K3-6 
K2-4 

•LI -3 
Ll-^ 
Ll-6 
LI.9 
LI -3 
r_2_i 

L2-1 
L2.3 
L2-7 
Ll-5 
L2^ 
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(nrnmiS} tt2f EsmmcoiKi^mBi^- (sii, mm k) j -j 7 t o vm^^^ - 
^ x^itm&^ (mm. mmK) f}<mm$ ntzuzit tz{tmF)mm^G'ii8 

-7 ^ -> >»teitfe^ T V - ^ > r^ntz t h2§ (^SS{?iJ18) ^ /■c(i22#^fei* 
(^S£^|J35) A-r '5 C t ^iJ^'SJtli 4' C cDcfc o ^ci t h 14^i2#^ 7t fi b h 
14#i22§^fef*^#A L V (mm. Ilil/c) itfe^^S^ ^TT2(^ 
TT2F)ESfflSS<^ffll>T. (fifl^ /c ai : ll3S{?iJ19. A il : ^Jg^^iJ36) (D^j 

y*{C J; o TfPlSt $ n/c^ / ^ v-^ iCSil > ^li;5< t h S * ® tii; Ti-f ^ 

^$ns C i;&<^ft^n^o i^^TC^•rll]23~llI27Cfe^:^ 5*iJPS^^CDB§f*^{S. 

$iJPgi^^ : Kp: KpnI. B: BaraHU Bg2: Bglll. RI: EcoRI ^ RV: EcoRV . N: Nots 
SI: SalU Sea: Seal v Sfi: Sfil . Sm: SmaU X: Xhol . (X) : 7 A K ^ - 

dK: KpnmmnitiL^m^. dX: Xho I irSB ^ ^ s 

(Sra/Sl): Sail ^m'ikSmal^^m&t-^-t. (Sl/RV): SaU ¥rt^EcoRV 

.■sj.?SB5^- : pBluescript SKlI(i) ^/;:«pUC18 -f ^ 7. i KDNA 
<][> : LoxPSE^iJ 

1. G418iifttit^E^®i^{ain3LoxPie^iJ^Ati/-r pLoxP-STneo 7° ^ X i KcDfpi^ 

TT2FfflSSOiJi;f*itG^ ^ y -y ^ T h Itz'^. G418SH4ii{E^ ^ -S <s^) 

CG418iiiitttilfE^ (USS^iJ 1 ) ® i^JS (C Cre U n > f - x CSauert>. Proc. 
Natl. Acad. Sci. USA. 85. 5166-. 1988 ) <D ISIt lE^iJ T" ^) ^ LoxPie^'J (Sauer 
fijIE) ^ |5l L; fS] ^ (c A tl ^ g ^) >5 o pSTneoB7°^X; KDNA (HSg^iJl. 
Katohi^, Cell Struct. Fund., 12:575. 1987; Japanese Collection of Rese 
arch Biologicals (JCRB). Deposit Number: VE039) J: 0 *i]PSS|^XholTG418it 
t^^^ y h CSf ^ioT^ WO l5 L . T ^' D - X y J: J9 DNAKfrn-^ltSI 

L ^c<7D ■^T4DNAi^ U (Takarafet^ DNA Blunting K\ L) iz J: K> mm ^ W-M 
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itLfZo LoxPi£?i|;i^' A o 7"^ X i KDNA pBS246 (Plasmid pBS246. loxP2 Cass 
ette Vector. U.S. Patent 4959317) (1. GIBCO BRL?± =i: 0 A L o C®r^ 
X i K® EcoRISC^'Spe! Kltirgflfi^Xho! U > ^ -DNA^If .\f 6 C t {C J: ^ TXh 
0 1 IS USE 71! tc,^ BE L 1^ ® ^^ffl L fc.. C CD3?^pBS2460EcoRVt7]ifrg(5fe^±ie 
STneo DNA HtK- ^If A L T ^ 5 x i KpLoxP-STneo (11123) o 

2. C57BL/6S^t)T;i$SiIC (IgM^^^HlS) . gilJ/c-C/c ( 1 g /c jSS pIUS 
fci: 6<^'sr0J|?) ^^VY J adna^ p - >omgt 

TT2(^ HTT2F)lfflSS(i. C57BL/6-7 ^ X i CBA-e ^ x®Fl ^^x^^T^ 
^ :L tt-^^ . C57BL/6V Oxfi*<Z)yyADNA^o->^Sl^T{n:{*]^l^Ei^ / -y 

T ^ Vm^'/ 9 -^i^^mt ^ Z ti^LfZo Y' y ADNA5 -r r ^ U - (l ^ Clonte 
chtiadult C57BL/6Nmale 1 iverfijfe 5 ^'DNA^ 7'" 7 U — L fc, 7.9 

U > /iD/ci6(C-/a - T-'i LTii. JaT^O-^^DNAlE^iJ (60 mer) ^ffll^/Cc 
StiC/z7°n-7' : 5' -ACC TTC .ATC GTC CTC TTC CTC CTG AGC CTC TTC TAG AGC 

ACC ACC GTC ACC CTG TTC AAG-3' (iE?iJ§^59) 
mm ic -fu-y : 5' -TGA TGC TGC ACC AAC TGT ATC CAT CTT CCC ACC ATC CAG T 
GA GCA GTT AAC ATC TGG AGG-3* (IS S 60) 

AifT^t ^pBluescript SKII(^) ^5x= K (Stratageney:) 9 a - ^ > 9' 

Ltz CmmCu : 11124 ; gllJ /c -C « : 1325) 0 Ztl (Dd^m^ ^m^'T . 1^ 

3. -7 'y ^mwmm^Bi^mmm^y 9 - ^ ^ 7. 1 Kof^s^i 

llKc^^T. II 2 —H 4 ^ V >;&<#^ n^DNAi)T>t ( BamH I ~ .Xho I) ^ 1 Tf^M 
L /-cLoxP-STneoiUS^ i S § ^^rc (1126) o STneo® $5^;^ [S] (i , taf^Silit 
e^^co$i:^:5'|S] i |5] l: [S] g i o T l^ S o MCCO^^'^xi KONot l^&tc . DT 
-A:^ -t -y h A(Proc. Natl. Acad. Sci. USA, 87, 9918-9922. 1990, ^ U je. > 5^ ;b 
J: «5 PI A) DTiof^sO coApal. Sa ^ No 1 1 fc ^ L t (7) 
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^m^RLfZo Z(Dzr^ X i K DNA {i , i^mmMb ^ ffl ^ T if ipS L , -t -> A n 
7 -r K ¥ flS it 'L> (C J; i9 ft L (^fflflSX^^i^J^f'F API . l992^l|||iJ|1±TiJ ) » m 
mLtz-f=' ^ i KDNAli. SI] I5SPm Sac I UC =t <9 > — ^filrtTlSlT L rTT2F ES mm 
^ (D b ^ > X y :^ 9 > 3 > iz mm L i-z o ff^Klit^ {*TT2F ESmmco^f)^^^i:i^im. 
m^^^< 9 - Y -y ^ -{ > "7 9- tm^^^^A.ii<^ Z. fz"? a - y^\k\h^^ 
46 ® ff^ Mlii^ '^r" / A DNAt>- -y^' > 7' □ -y K ffl <D ^ Q - i L T , Z u (D ±.Wl\z 

T®^f4T129-7 O X^ y ADNA^PCRifiliS LTt#/Co 

-fe>x:/^-r-<' - : 5' -CTG GGG TGA GCC GGA TGT TTT G-3' (iS?iJ#^61) 

T >f-Tr > XT"^ < ^- : 5' -CCA ACC CAG CTC AGC CCA GTT C-3' (IS^iJ 1= -1- 62) 

y-f\y- h DNA : EcoRl/i {bl29^ X y / ADNA 1 g 
SiC^< 'y 7 r "Tir ^ V 7 ^ U ^ f- K i -y ^ X . TaqDNA+° U / ^ - -tr" { S , Taka 

SiG^fi^ : 94J^C. 3:^. IS -> 94^C. 155- ; 55gC, 2^ ; 72gC. 25^ ; 3(1] 

- 94JtC. 45# ; 55J^C. 15> ; 72;gC. 15> ; 36(1] 

iiipi $ nfcDNA;b-<Genbank® 7=-'- 9^-Xiz$>^t^>0. §iil5Si^^HindI I Itr 

— MpJrtUifr^ n-g. C i ^5ilS LT. pB 1 uescr i p 1 7° v x i KOEcoRVtUilTSf5{S:-\ 
•9- T" n - > ^' L /Co CO:/^Xi FDNA (S8) ^-^JPS^j^BamHI i XhoIT tU 
ifrLT, T a a - )im%htmX'?Z^m\^ di^SSOi^S^^) ^ItiJiL/cfc®^ 

- ^ i L fCo ^ - y -y 7^ > 9 9 --eff^K$E^ L /CTT2F ESIfflflS® ^ y 
ADNA^Sij|5g^^EcoRI cb Xho I T 7^ !(: L > T 7^* □ - X ^ ;U m M ii'1< i!j T- 5^ M -y- ^' 

>7-p-y ^ ^ It I, > . ±ie^p - 7--e.^ai L fco 

2 Tpgi L fc-? ^ xtJii*^!! /c J ^I^fc J: O'^S ( C ) Sl^^^t^^^V /.DNA 
O C ^IJie*<^* n-SDNAifrn- (Sacll-Sgni ) ^ l -rft^ L/cLoxP-SIneoite 
^cOKpnlgf5&^o.5^ L/C tjCDig^i^;^/;: ((127) o STneo cd $5 :^ [S] W , tJtisf: 
it<c+-co$i:^:^[S]<J:iS6[S)^i/j:^Xi,>'g>o C<D>^7Xi KDNA{d:]i(T03j;9(ct^ 



^-(^/c— plj C-rS^y 7 X— -7 ;u f- ^ □ - ^ > ra^feOgS^iJ (EcoRI-HindK 1)^ 
DNA^t^^^fc J: -:> Tf^gi L /ciE^ij : 
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5' -AATTCCCGCGGGTCGACGGATCCCTCGAGGGTACCA -3' (SE^iJH^ 6 3 ) 
3'- GGGCGCCCAGCTGCCTAGGGAGCTCCCATGGTTCGA-5' (E^iJ§^6 4) 

EcoR! Sacll Sail BamHI Xhol Kpnl Hindlll 
iz^t^LtZo CCOy^Xi KOEcoRl ^ Sad I SBfi'^ J /c ^ a t;EcoRI -Sac 1 1 
DNA ifr^t (1125) ^WAltio ikiz. Trg/c^^X; KcTDBamHl . XhoI^fi^S' 
- m Bglll-Bglll -Bglll -Xhol DNAirit (1125) ^WALtZo ^(Dy'^xi 
K<^)Xhol^{is Sal IgPfeJCllli?^. DT^^t;XhoI~Sall DNAiT>T-> Kpn I ir it ^ yt L 
/cLoxP-STneo^^^;XhoI DNAirK" ^ti A L it . mm ic A 

CD $5 ;^ |S] i [5] L; fS] ^ i ^ o Z(D-fyXi KDNAlix ;^SiBDH5^ffl (-^ T 

(1. $ij|5gP^KpnI{C !9 s -ffimt'JiT LrTT2F ESlEBSS^© r5>X7i^->3 
>{c{^fflL^Co fl5KI£^{*TT2F ESlfflSSo4I;5^ i)i:{*^il^5};)< ^ - y -y x ^ > 
/7-/s: /7 ^ -<i:^glH]^I^;i;i)<$SC ^ /c ^ n - > ttS t 5 i6 cD ff^Kte^l* ^ / A 
DNAt^-^■>7■^ -y hffl©7°D-ytLT. HilJ/c -C k Y J A DNA (ia25#.Ba) 
CDS' iffiODNAIiT>t (XhoI~EcoRI ; 4ki^»>r^) ^ffli^/Co ^ - ^ -y 5^ > r 
^7 ^ -TJf^Kfi^ L /ITT2F ESlfflSH® ^ y A DNA^ ||J H^* EcoRI T it L . 

:t i T ;U -> U - X8. V - > ^ -y^ ^ > ^±a, 1995) <7D;^/i{z^^l.^v 
xESIffiliaTT2F--^A L^C o TT2FlfflSS^ h 'J ^ -> >MS L . 2. 5x10 ' fli/ini i '^i: 

F(7:)§fi-C250V®mE^4mni^cDx U ^ h n b - •> g > -b t,^T^,£-eEP 

7 - y-mm^t\^^tzmm\sim^^mmm■yy -y ^ ■> -t. - u cj -j:. > 

1 1 4 

, p.— in™ — uu i I — 1. 1 i r ^ » — • ' ' ' > a n' r "a r^h i Am. jjJh — s — Sj — r LlJiiii ' ■i.Mk- 'I'lii''' TSi'iiiiJi-iir" 
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mlcDG418 (GENETIC IN. •> X v ) ^ ^ t: ^ t M ^ ^ tz o 7—9 B ^ C U 
n - It 176{li ^ c -y ^ T y -f t . tn^'tl^n/K^ [y - h T =3 y y Jl- jz y h 
IZU t-Citm^ . ^CD4/5^0. 2ml(7)fS#ffli^it!l ( ESigltii H0S;DMS0< •> ^- v 
>) IzBML. -SO'Clzxm-i^i^^LtZo a «9 O l/5{i 12:A:-tr" 7 > =3 - h 7" U 
-hCfiSL. 2Bfe1±§SLT. 10''~10•|i(73|ffliS7:)^ y / ADNA^Pui-egene 
DNA Isolation Kit (Centra System^±) iZjuO^^LtZo C tl ^) G418WttTT 
2F^EaSy y ADNA^^iJPS^SEcoRl i Xhol (SSit) T/i^tL. TT^/o-xyyl, 
m m T 5^ gi '(^ tl- -y-" > 7- n -y ^^fi^n£l^. ^5£^y48-3{c^ L r-c -/D - y-Cffi|5l 
lfi^;if$^tttb L /-Co ^®IS^176^ct3 3^*7:)<|g|5]M^^^*-e^) -5 i ^-^ 9 IS^^ 
?#7^Co ir^STT2F|fflSSS.C;=t§|5]«a^^f$S13K i 14lcD if > 7' n -y h^ftfrCDSm 
^ (11128) 2E{PiJ3 U - XC^^o i?^MTT2FlfflSS^!SEcoRU Xho T/^ -ft f3 i J9 2 

7^(Z)^<>K (a> b) ^<^ih$nfzo t@io]iagix.i*{c*5(-^T{i. cn^xJDOTtx 

f)^cD^< y ^'t)<m^L . ipT^c !rT^C/< > K (c) 7;?<?l^rL ^ C > Tb^^^g $ -ti -5 o 
I1I4'"131. jiHUCfel^r aCO^< > K;6<7^^ L > /c c<D /< > K tb ?1 L T -5 » 
H fill DNA© ±^ $^/T^ L/Co T^i^b-^ cn^iO^ >{± t^: fi il it G 

^ CD it:^® T b ;b 7i< i§ 15] ^ (c ji^mm^ntzhoiT^^:, 

(^JH?iJ49) Tr?#^>n^cl7Li*SiIffi|H]|a^^{$TT2FlHSStt5l31^;^Mx r -y ^ 
i: ^9 3:*.±{7\ ICRt fcHMCHCICR) (H;$:^UT?±) aittiv^X0D5ci£{Cj:<9?# 
^.tlfcSlfflfiSWEtcE^)/-; «9 10~12fli;^±A L /Co ESm^mi^m (^J£{?iJ9) "C — 
B^t^S LTE^St2(c^^$ti:/-c'^. i!i^Sm2. 5B©fSlllCR-7 X (B* 

lt94f@<Z)/±AE^I^fiI L y-clSM. 22E<D^^ X ;&<IS^ L /Co 4-y^fia{*{l. ^ 
fe(C;fel^T?i^K (ICR) *^<:d afecD4^{3TT2FlfflBS^3feOif ^tfe (/Ig^) /?<I5 
<56 n -5 -9 tD^ {c ct i9 ^ $ ti 5 o li * L 22 E ® -5 ^: (c ^ tIjn {cif ^ 
^SB^CD^^. -r^j:^-^, ESffl)lS<DS:i»:OlSi6 n-z, (it*:{118ET^) o /Co 9 "t, 
16fSf*(i^fe(7D80J$ii(±/)<lf (ESlHiSc S*-^ >i> ) y 5 X -e^> o 
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w»juu/iujaj PCT/JP99/045I8 

T I ^ o C i t;)^ fiilS $ -n o m^^ntz^ / =?-7 ^ z^cDn ^ < co fi (d; tc s u ^ 

S: lie f- fti -e ^ ^ T . ESIiBS;:)<li^^e<]/i^^|;fflga -jc 55- ft L t ^ § 

> ^'^ -g- n (i' [35 fflij 7 U;U#t{c5^J^$nfc^^I)?^#-r ^ C t-h^'^t^fl - i;^<$6^ 

$ nn^ -I) ( ffl 'iii^tA— > ^< < 7f -7 i T ;u •> u - X8. - > ^ - y f- ^ > 

^±1i. 1995) o cntcSoi, Dt^ {iTT2FtA:f**iiffi|5],m^^f*S131. i:i4HC 
ol^TM^Ilj7 u ;U®5S^^f5Jf#<D^. JilTo^lt^fT ^ /-o s-f\ ,n31. ;14m 
;^(coL>ri$:5EG418;tgt^-^<75/ci635mmv -i- - bg-lOt^ ( C O HJSf^iJ fc o T (1 
* « Iffl StI (1 -7 -f h ■> > ias^ LTi->ni:i^G418it14tZlft±^»lfflSS (^<7x-y 

^ 'J X > ^ ;H± J: '0 »A) *MfflL/;o 1IS6t?iJ9#9S) icltiz: ^ (9 ^ 100<1 
<D IB Sfl *• fi ft L . 0. 0.5, I. 2. 3, 5. 8, 10. 15, 20 mg/ml ©G418 (GENETICl 
N. i-^'v) ^^n€n#eESi§itil4'T-10BPBli$« L/Co ^ ® IS ^3mg/m 1 © ilg 
^ T- 0^ 73^ nj: n n -r. - ^< IS i6 ^ n ti< . 5mg/in 1 T (i n n ^ - fl5 ^ IS i6 tL 
■h--^fz^ C OlS^*- i {iS^hi^^ilJg^Smg/mli ii^^ L^ 4. 5. 6, 7. 8mg/ml 
0&iii^T;5ilj^G418ffltttl*©Mfe^fT o fco 3131. n41^t^€•■•n{col^T100^l 
ni-> -f - l/ltl0^5!:{cltjt^f; '/) $^10''P<7)fflSa^!iffi L . ±iEcD§iiJgOG418^ 
^t^ESi^lttl (5SPi^ •> 1- - U2t$Coo) (C J; <9i$S L/Co t§ ft F?f1 1 2 B 

ft!C7mg. 8mg/ml(D V -^^ - b {C fc^,^TB^ ^> =3 o ^ - (S131:12|7^. ;141:10 

t75;Siil^G4I8ittt*^' y A DNA^fiJPMif ^EcoRl i Xhol (m;ljt) T^'^ftL^ T 
^- n - X y ;l.mMz7lc*J-e5}-^i'#+>-+l^' >- 7" □ -y h^lf^A^-^. 1IJa:f^^i|48-3{c^ L/cT" 
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wo 00/1 0383 PCT/JP99/04S 1 8 

31-3) 7i< iSi (ai| T b ;u ii 4* -c S i I ^ o $S m ^ ?# /-c o ;1314^(D6»fco i.>TO 
-y-^f>7n-v Ml? W <75 IS ^ ^ ([128) '.zfjk-to ^f^mU2?mm-caEcoRl. Xhol 

ft.'Cj; '9 2*CDff^M'< > K (a. b) til $ n /z o >t fJI T b ;U tg [5j ,|fl ^ 
f* (;131. =141) (•cfei.^-CiS. ±Sf5cD/< > Ka;:)<7^5^ L . (r /< > K c;i)<?i^ 

> Kb7i<m^ L . mmm^o Fco:)^tu^ - tT}<^m^nt>o 1114^3(31 

31-3) co^^P->«cfci.^rc<D''<>K/^°^ — >7i<tl^$n/-Co ■^5'Xt)*.C®i7a 

^ ^ij 5 1 t# $ n fc ta: f* S Pi dij T UJimmW (S(lgG418»tttt#131-3) 
OG418ittt-7 - 7^ -jllE^^iilTO^IillC J; (9 Lfc, G418«ttv - ti-i&m 
^ Of^flJl (Clf A L /cloxPIE^fJ (^J£fij48-1) <DFB^-Z?gI5{i£!)tSBlJffl^^^EdC^Cr 
e U n > - -tf-itfe^^ a t;^^?!-^ ^ -PBS185 (BRL) ^ (ffli/^t* — . ^<-r 

mmm^mm. ^&m^(Dmi^i$.m. P255-. 1995. ^±^±:> <D:^sct* ^<^n3l 

-3.|*--aA L /-Co 5131-3^8^*- h 'j 7° -> >5as L. 2. 5xl0'<i/mli m X iz 
HBS{C!g/S Lr ^>30x^ gcDpBS185DNA^Jn;t. 9->^<Jb-*r- (^<-r>t7'yK\ 
ffii^til^- -y h tiM-t±T) ^fflUT^ U ^ h □ ;i? b - -> g > ^ |t 4' o fCo 960 
F(DSa:T-250V<7DmE^4mni:^® bi^ hnrHb-vg^^r/b ( 165-2088. 
^7 -y K) ^ffl^.^TE^^^ L^Co ^ b ^ h b- -> 3 > L /clfflfiS^SmlCDESi^itll 

^^,;(?^L;^67>^- ^'-^flS^ ^ t^c 60mmMiS±Sftffl ^ ^ 7> 5^ -y •> + 

- b (n-^>^') mcfiat/co 2B'#(c^fflsa^ h u :/■> ^ - 

^"-'mm^ ty.^ti loommv -f - bs*^ {c ^ n^n -> -t- - b i ijc ^ «9 ioo> 200. 

300lffliSi ^ ck -5 {cS^mH Lfco v - > ;b ^ - cd 15^ (ffititii^^y bm 

- It96fli ^ t° -y ^ T y y L . h 'J ^ •> > L ^2-3 {c . -7 ^ - y -'mu 
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wo 00/10383 9* PCT/JP99/04518 

^ * I ^ 48:^: U - h S. O^' -tr' 5 -f- > 13 - h m^co ^^rf tz 48;v "7° U - h 2 tiC (C 
^ n^-nmmttZo It#<i300w /ml<7:)G418 (GENETICIN, ^r^) ^^i.~±Sit!! 
r-3B Folios ^ 0:t#STG418Bt^^!iii!5E L /Co ^ OISMG^ o - > *<G418 
??ffiTT5Ei^ LtZo C n <;5G418iE^t4^^35inni-> -t- - U T =J > y ;b - ji > h {C 
S * T if 51 ^ -ti: . ^ <Z)4/5^0. 5inlOfS^?ffl±Sitll ( EStgitl! HO?i;DMSO< •> v > 

) izmmi. -80°C {CT^tl^f^?? L /-Co ^ CD l/5ill2;v-tr-5 ^ > 33 - h y b 
-hlzmUL. 2aPBTi^«Lr. lO^-lO'd^lffiHaTiMi ^" y ADNA^Puregene 

DNA Isolation Kit (Centra Systemtt) iC J: «9 III ^ L /c o Cltl CD G418/EStt 

%wm-C^%r^^^ y y a -J V^'nfi.\.^. G418ffitt4it{5^^^t;pSTneoB**3. 
2kb IhQmin (^o-T-'A) TG418itt4mi5^^CD|^.*^BilS L /Co ^©tSU. SI 
31-3(C (.>TII^ $ n a ^ a - 7" A i ^ 7- iJ ^'"^ X-r ^ ^< > K/)<. .SSttl* 
(cfcl^T < ^tti ^ n/ck^^ ^ rco C n ©,^mci: (9 ^ JK^^ $ ti /c G418SSt4^ 
fcfc l^T5t7i^{cG418itf4-7 - ii - mii^ii^^.^ $ nr l^ -5 C i ^<5ilS $ n/Co $ 
i lH]*i/j:;^7S T:pBS185DNA^EcoRl7^{l: L/c^□-7•■B^ffll^T1^•tf^"> 

liiiT^fT ^ /c^m. c n 'iG4i8S^t4**tc7'D - T- B i ^^-r y 'J x^-s#m 

mfS. ^< > K (itt dil $ n/d:;5^ -3 /: C t b . Cre U 3 > - -tr'^^irpBSlSBUS 

llilSEi?iJ48-4{C^ L fzlK^^m J-y^TOVK^^- (G418Wt4it fS^CD Mifi {Cl o 
xPiS^<J^<#^S1-'5 ) Iz^^bW^'S.^^^an Z ttt<'C-^ C OG418SStt«3131 
-3-5=1; 0 lli?£^iJ40cD:^S(Cf* o 4^ ^ ^ v r;? x ^fpS;^ L /c o ^cD$S^, ^fecD 
+ y 5 '^100511© -7 ^ X 7iq# ^> tl /c o 

C^Sffii?'j53) tn:{*Sli^mESaSS»--0 t hUS^&f* (in;<*SiI) C02@A 

(^SS<?'J52) T^#^n/c. F^^El4cDtn:tt:fiii^^fI^ -S -7 7 XESaSSt* (TT2F 
fi5^> G418;^Stt) fc (USS^ijg) L/ciSO {CG418Wttite^(r J; «9 + 
> X $ n/c t h 14#^fe{* (K{*fiilite^^ ^ i ^ D -t ;U7i(c J: ^5 A 

-r^o f# 'in^G418Bt4l*(lfc(-^-CPCR«?*/f^ (IIM{?i]9) (C J: ^) t h tn;{*fi§I 
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wo 00/10383 W ^ PCT/JP99/04S18 



ESlfflSS-t* (G418im) :^ (IISiGf?iJl8. 35) Tt?: L «9 'c ^ - a -7 -T -> > i^tt 
/5£f?i)18. 35) t h 14#^fei* (ifrM") & a'2l= ^ fe<*Sfr )t ^> > 22# ^ 

(^5£{?'J53) 1? 15? ?# $ ti -5, t hSt{$S§Iitfe^^*^t.^l4#^fe(* (©tM-) 

jg^ijio) -e ^ L :^ ?i i: ^5 rr o c c t?# >. n o ^ ^ ^ ^ ^ x . ES 

lffl9S1***®BIB3iaT-^^e ni> t htJti^Sli*^ (^M^iJ14) -e 7?: L f c :^ C J: 

(^i!i£f?'J56) t hl4S^2#. U# + 22ll^fe(* (Kn-) * ^ 
a 11 :X v ^ X ESfffl ^t)^h<^^ ^ ^ -7 'y Xi'^f^ 

inmm5A) T^ft^n'Sb hl4#-H21f. 14l:-^22#^fef* CirM") 

mi2. 36) I^TvT^ L fc;^Sfw J; «9 (T o C C T ^ n i> ^ ^ 7 -7 ^ x {C fe- T (i , 

23. 32) -c-^.Ltzyjmizx^^&^n^.. ^fz. (nmm5o) i iHitic c cdes$hi 
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wo 00/10383 ^IF '^0 PCT/JP99/04518 

(HJgf^iJH. 15. 2U 24. 25. 33. 34. 37. 38) iCffkLtzyjiiVn^i^^. b h 



T ^ (ct5ti*^iijia^ ^5g^ L /ct@ [5] ^ X. ^ £1 T ® ^ iiii T- ^# L tzo mm 

^iJ48-4-efPiSi L fct?Li*^iI^ -y f- ^ > i^'^ ^ ^ - * iij pg^^Kpn I CSSit) 
T'^it it L . (ffliiRtI-. ^ :t V i T ;b •> U - X"8, V - > ^ - y 7^ ^ > y . 
^±it. 1995) <75:^•/^{w'^^^l^^SgFlJ49c!: |5]^i{C±ieTT2FfflJjS-t* (G418lEStt) 

mA Lfzo tfit^^. mm^Msizmm l. 2.5 x 10" ceiis/miom-mmt itz 

ft. DNA 5 ug ^0. 5 m\o:>mmmMmizm^. X. u h ^ n b - -> 3 > -t? ;b{c96 
0 ^ F . 250 V CO ME ^ EP JJD L o 7~ 9 B ^ :^ L; =3 □ ^ - ^ b° 'y T -y ^ 
L. mmmiQizfrsLfzyjii-C-^^'^^^^. y / ADNA^IXI^ L/Co G418»tt^*y/ 

ADNA^^ijpgp^EcoRi (s?iit) xmitL. T o - x Y jim%mm-c- ^^mWi 

-y- > 7- D -y h l!? tfl^ ^ n I- ^ . IIJgf?iJ48-4{c^ L/c:/Q-y-eie|5]|I^^f*^1t 
tBLT^Co ls^^lI29{i^j^-ro m^-e^ o&i{*miI^^m + ^t^^{2^TT2FJBiaS-r (iEc 
oRl mitizj: 10 I ^CD^< > V (&) 75<^tb^n/Co ffilH]a^^^f*{Cfci,^Tti. C 
CD^< > K{i:^)n^T$/r7^c«3T^{c^< > K{b) i)<mn 6 :l t ^<^*B.$ ti 6 o M^^. m 
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wo 00/10383 PCT/JP99/04518 

^ $ ^^-LfZo -t^lt^-^. zn>h(D 7 a - :^ U^{^mmm{i:^<7^i^yjO:>T Jl^< 



^ i?i j 5 8 T- 1# n 7^; T T 2 F ta II il f§ [5] ffl ^ ( 75 ^ o 6i S il fl +^ ^ 1^ ^ 

mmfiy3-i^-cmmmGAlBM\±^^m^L fZo G418-ajg9~14 mg/inl© 5 ~ 7 BPbI 
mm^n tzi^^ G418ii^^4 mg/ml {cT«f±$#L. t^S P?^^!^??^ 10~ 13 B ^ {C 

^ u 7-c =3 □ --^ e ^ T 7° L > ^mmoitmmfs.yjui^ iMi^i^^. Dnmrn 

^^f^io/Co i^ig^G418ittt^*^"y ADNA^SPgP^EcoRI i Not! (^Sit) T 

IZTjk Lfz-f a - y-e^mr [y Jly(DfB.^^ nfzWS:^tii L tzo -^t if > 7' o h l9?tlT 
cD|S^^I2132iC7r:^o 2 a5^i^^T{d:lll32(D (a) (D ^< > V ^<m^ L . ^<>K(b) 
(Z) C ^ C i 1^ *J ^ n -5 o 11^:)^^ ;^zijgG418ittt-*2 .3.8 {cfei^T^<> 

^<mm^titz hcox-^^, ^ti^nnAL L fc>tii|T U ;b5S^^ 3 ^> f# ti 
i«i^;g»ttl*^PI/f ^tl^tiDm'P3Qm. 43^4^2.^. 491*4^ 1 ^©tJtf^M 

agiie^<^Mfai|c9 7 u j\^^<o&m ^ titz 9 u - y ^mn ttz^ zti^oD^a-yit. 



mmmDQxM^m^ ntz^KW^mmmr ly fim.mm (.Mmj^cum^^^m) cog418 

i=ft±^ - ^ - it ^ 11 IS sTt ^ L /chilli {c ck 0 L /Co G4l8itttv - - 
itfci^coja^PKcff A L loxPiS^iJ (IIJS^'J48-1) ^ PbI §15 (ult ^fi^^l^ ^ ^ $5 c 
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-rCre b n > f ^ - -ir ilfe^^^S- ^ ^ -pBS185 CBRL) ^ H 5S C^iJ 52CO 
f^iZilK^±t^cDW^^A L ^55fet?'J52i f5jt$ (c f# n ^ G4 ISSSttft ^ 35inin-> 
-V - U 3 > 7 ;b-x > h ic^i ^ ^ TfliM^ -tt. r 4/5^0. 5ml (Df^.??ffltS 
(ESi$itllH0!^DMSO<-> ^""^^O CS^IL. -EOV iZX L fz 

(il2/t:4?'7 f- > 3 - h y U - K {Ctifl Ls 2B rali^ft LTs 10"- lO'licDlBiiS 
^> y y ADiNA<£:Puregene DNA Isolation Kit (Centra System^:) iz J: iQ IM^ 
LfZo '^>60G418SSttTT2F^fflflSy y ADNA^SijPS^^EcoRI (^/i^t) X'M 

^ t^pSTneoBS^3.2kbXholiTn-^^n-7-cb L. G418Wttjtfe^ <^ 
fit IS L fz o 



(HM^ijei) 

(1) [^ffitt5ti*«il> /c il^MESlESSI*-^® t h 14§^fei*ifK- (fitl*fillii 

i^EJiSt* (TT2F^^. G418s t° ^ - n ^ ^ -> > SStt ) HKDSltc ( Uligf ij 68- (2) ) 

7i {c J: i9 L fco i ^ P-^r^^S4^feJ:6<G418i^tt^*®atR« ill] 
^{CfTofZo f# n/cG418Bt4^*® 9 -^S^fcol^T IgM. D14S5437'7 ^ ^ - 
^m^^fMim\f\ (^M^iJ68) ^fTo/cf^m^ 7.t*4='8^Cfen^T(l#;:)<.t^dj $ 

(2) t hl4§^fe{*KK- C&tt^Sifiitfci^^^t) ^^J#^'5l^:St4tJtf**II. 

mi!i£f5^J61- (1) -effi[?#$nf;t M4#^fe{*iT>T- (mi*ailitfe^ ^#t-) 
§ l*lffitttnl*MiI. « 7 XES$ffl§S:^HKD31-8^ 'icD+ y 

7v7xf^i?£(i (IIJffi(?i|10) i|-e7i^ L J: 0 nr o /-Co it 188IKD AE ^ 

(ICR) afea)43{zTT2lfflBS4ife(Dif^fe ()ii^) IS a6 n a i- -9 7!?^ 
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wo 00/10383 PCT/JP99/04518 

^jsfijei- (2) isi'^mLfz^/^^'yx (hkosi-ss^) ^^-i^^iziii^ 
( # 1 ) ^ /c it^Wiimm (#2—4) csifliL. [flir»4'<75t h iKt^mm^ en 

^S^|J14) {Cf;;^ ^.^ELISAft-e^a L rzo PBS-C^r. L /c tS; t h feg ^- n 7- >j > .^^ II 
tn.{:^ ( ^ 16385) . ab h C>(iia t h fe^i^^'n >J > r litaf* ( •> i^'v. 13 

382) *^l^■;i^at V^^yuy y) y amVi^ (Pharmingen. 08091D) 
^^u^-{9-y'i^-V\z:2-'r-< y r •7^Xlfa-?t (v^^-v^ iM5905) ^ SD 
;tfcPBST#fx L /•clflimiS*4^fln^. C ^ T' ;b 4^ •> y - -t?' -If li c h^ig^- 
ny<) > umin.it (The Binding Site Limited^ MP008) ^ =h ^Ut^ Jl^ ^ ^ •> 
-■ifmmtfi t h feS^'o 7- iJ > r iital* ( •> i^'v. A0170) ^tJOX-T-r >^^< 
- h Ltzo ^^(-Wif^f- yUfSta!:: h ^^Va-/ >) > atltat*: ( Pharmi ngen. 
08092D) =^1]U;tX >^ ^ -i- h L fzWi. \y - b ^■(^■{^ L ^ T f v > 
4^ ■> ^"--tr'tS^t*: (Vector. ABC+ -y h PK4000) * JD ^ T -f > ^ ^ K - h L o 

•> ^---tr-SKi LTTMBZ (ffi^^-^^-f h. ML-1120T) ®?^,;]DCct«9 
Bl^Sti^450ninCDi!57t;gTif fffi L . *tM$ n/c il. t m. a iI^J#oiiJ^gE 
5?nco h h A y ^- D 7- U > IgM (CAPPEL. 6001-1590) . I gG ( -> -7 . 14506 
) s lgA(->^-7, 12636) Xlfli/t^^.ljn L /•cPBS-e|5|5g6^(c#f? L /-c 

^CD i ihli^ Lifa/f EjncD t jAt*:ziJ^^5fti6/Co ISm ^20C ^"T o t V in. it a is 

/Co $ lie (ll«fef?'J29) t I- ^' a 7- >J > r SI^ 7- 7 X 
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^<Ai]i^Bi< ^ L . II ^ ^) {c (i ^ ^ X X -r -y f- {c J: o T f - T CD r II if y ^ V 
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wo 00/10383 PCT/JP99/04518 

20 4- ^ ^ ^ ^ X 4^(7) t h {n:f*-,iii^ ( ELISA) 







t 




(mg/1 ) 






IgM 


IgG 


IgA 


= 1 


90 


270 


1250 


0. 46 


# 2 


99 


370 


820 


0. 23 


# 3 


99 


550 


1460 


0. 32 


# 4 


95 


340 


2300 


0. 06 



^ 7" ' j K - -7 CD 15? 

MMmei- (3) Timm^(D t r JrCi* r ^ ^ X1I3 (HKD31- 

8*^lt. 7-1^99%) ^^J:C>S4 (^^^^1^95%) izt^LX. 16iiM *^ PB 
SfC-^^? L t h Ha/tT/uy ^ > (HSA^ y^'^. A3782) i T v ^ ^< > h (MP 
LiTDM Emulsion. RIBI I mmunochem Reseach Inc.) i ^il^ L TO. 25mg/mlcDHS 

mm^mm lo. 2mi^2iirB^*i ^ c2[HiBiJi^{;feg l . $ {c2iirBmf^PBs 

{C/g^j?L/ct Mfil?fT;U7^$ y^^mt. miiRLtZo ifll^^^CDtaHSAt htJii*-^ 
)^*- CnmmiO {C^^£l^ELISAS-ettai L/Co nSA^rJ-T^-f >^'■L^ 
•> :?"--trliiS LfciJtt hlg/ztJtt* (The Binding Site, MP008) ^ St t h Igy tn. 
W (v^'v. A1070) s trit. blga^jit^ (Kirkegaard & Perry Labolatories In 
c. 14-10-01) ^ffl i,^T^IItt5 L fco ^^^ll!33(c^^o K-^^^f-^^/i 

{i <^m, yfA.^nmmi'fAn. mmn.^ ^ ^ > ^ ^ y ^ ^ , i99i> 

n/c;^z^{z'o£l^. a n - v^fflBSi L T SP-2/0-Agl4 (:^ B ;*:^M) 

4) {c^^£l^PEG{c-C|;fflJiSi4^ L > ^^ 7' "J K-v^^^^Lt^Co (h] B# c ifii L . 

(l|j5Sf?iJ29) <d:^-^{c?^ m.m^<^^ Mg 7 7* ^ ^ 7. CD^S^ (T /Co +^ 
"7 -7 X 3'3"^l[n7»^ {3 « r 1 ;i<920nig/i > 7 2 75<520mg/I . r3 f)<\lmg/\. r4 
/(?n40mg/I i?^£L/-Co 
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TTvyuu/iujoj ^^pr PCT/JP99/04518 

>) ^5!^^.UnL. HAT (;^B^SM. No. 16-808-49) ^ Img/m 1 © G4 18^ ?^ 
UU I tit^m (H7tM^> j:- X • :7 n - > ^7 n > y i - ACM-B) L > 

SwelUclOOx/ l-ro967\y U- h^^SLiSSL^Co igSSB E^zi^m±m^m 
WL. (HJS^iJH) (^ti^l^ELISA/i ic J: o r t K t^Li^^^^ W ^ U K - v ® 7. ^ 
'J > ^"^ff o /Co CBBMif?g{c/g)ii? L5/i g/ml i L tiWSmi^^^ ^ > 
/ L. -> litJL t h ^ig/n 7- 'J > T iltaf* ( •> ^" -7 . A0170) 

^ffi^vriMBZ ^ 7 < h . ML-1120T) {c J: <9 fcb L fc o ^tt>!^.BS(D^3 

i;4J: «9 29fior#tt'^i;U^I#/Co ^ HSA'^?^ ^ u - ^ >rL. ^;b^4--> 
- -if' ^ tTt t H feS/o y 'J > .^^ $Mtn.W (Tago. S2392) ^ffl t r 11^ 

C A/-i"96;^y U - h 15t>[® 4^-eG418]ii^^a-:^ tizf ly- h A^k(Di^m±m=^ X ^ 
ij - ^ > L5fli(Dlltt'^x;b;$-f#fc<, HAT^ ^ I Img/ml © G4185C J: -SiltRT 
=3 □ - - tb H L X ;m :f U - h m^fz <0 . 7411 J; 0'29li -e ^ o 
t h r ii^itoiaHSAtat^HttT. mmnt< itt^^^ O j:. Jl (Dmfi^'^ AS^^ ly 
- h iZ^L^ ^ iZABmrnmi. m^±m^(Dtn.i^(DT ^ y 9 ^ T-^ELISAC J; 
<9 -.^^ ^ L o HSA/§?^ :3-f■^>7■L^ T )\y ts ^) -y t 7.-7 7 9 - Mm^\^fzVi 
t MgGlfJif* (Zymed labolator ies. Inc. . 05-3322) ^ tJt h h IgG2t5i;l* (Zyme 
d labolatories. Inc. . 05-3522) . tab hIgGStaf* (Zymed labolator ies. Inc. 
. 05-3622) . tat h lgG4fci;l* (Zymed labolator ies. Inc. . 05-3822) 
T (mSS^'J14) CtA£c^ELISA^fTl^*i|^L/Co Pitt^'n-Xit h lgGl;{)<27. Ig 
G2;5<1U IgG3;!?<2. IgG4;6<13i5' n - o + / 5 vt? x = 4® i&^^SlEIS 
l5l ti {C 4^iJ ^ L . m^^(D^i^ o - ym'^'^ml . t hIgGl^*fe^n->^ 

t htJtf*itfEi^ (SIS) ^ a t.U4S^fe^g|5 5^^BTn-*{^t#^ -5 
^^ijiWrnm. ^ xES$E)}aS*4- y ^ -7 o X (c t h CD ^ >/° ^ (HSA 

) ^fe^g-t -E) C i {C J: o talf.^Sfi^ t Mg// . r fccfc C> a ta f* tf ± # 7)< 
jg^Os iI4o i: C>"-r^TCD t h r 11-*^ 7- ^ 7 X ^^t^j7tHSAt?t^*^^/^ ^ 7- 'J K 
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m 



wo 00/10383 PCT/JP99/04S18 



A 

18) r-^i^ L tzM^ {C - n -7 ^ -> >iiiitt4itfe^ T-^ - 4^ > $ n t h 

f# ti/c b° :i - n V ^ •> > . 0418" a»t±» 131* C o (.>TPCR)^?|;t (USS^US) 
^fTo /-Co {^ffl Lfzr^ 4 -7-!il4#^fe^*8lT>^{coL^T}iIgMfcJ;6'^■D14S543 

Sg^ijl2) T*'5o ^OlSm. 8^{Cfe^-^T4a^T<Z)v-7V-CD^?:^7i)<5ilS$n 

o/c cnmm9. m = ^«$tm^ii!34{c;^-ro KHi3}cfci,^T{i:/n -•7'{c^^^ 

13{il4ll^fei*iTn-feJ: <^'2||^fe{*S(TK-^|5]^(cfSJ#t-^ C i n/Co 



A 

mmmei- (i) rft'^nA:. i^SEttfcti^sti&o^ « ii^m^-o t hu^^fe 

35) -e^ L fcii <9 }C t° ^ - □ ^ -> >itt4itfe^ T-^ - 4^ > ^' tifc t h 22^^ 
(&i[{*ggiAitfe^^^t-) <7 a -iz jvmiz ^ <0 mALfZo ^(D^^m^ 
tlfc t° ^ - n -7 -1- ■> G418- S»t:4|*12^Co l^TPCR(l¥^iT C^J£fiJ35) ^ff 
■^tzo f^fflL7'c:/5^-7-!±14#5fefe|*B)Tn-{CO l^T t± IgMfc J; ?>"D14S543CD2 
li> 22#^fe{*Sfr)t(3oi,^TiiIg A . D22S315> D22S275. D22S278s D22S272> 
D22S274<7)6® (ll5S{?i|2) T ^) i> o ^(Dm^. 10*5^ {C ^ T 8fi ^ "C ctd -e - ^ 
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-(D^:{^fy<mm o tifzo «9 2^(D n ^LH13^*ic:^^^.^T «8flct3 igM. D14S543. 
Igl. D22S275. \^22Z21A(D'om(D-7 -ti -(D^f)<mm-^riti(D-C . Z(D^[tm^ 
{t^ P.fi t V 22l^^fe(*^ i ^nho o {CLH13{coi,>T!l t h22S^ 
fef^^^^S^yo - 7-4o J: L*^' t h 14#^fef*^^SS^:7'n - 7'^& ^? ffi l^TFISH^i?tif 
^ ff o rc o ^ ® 1^ ^ . ^ n n O -7" n - y (c / N -f 7' 'J < X t" >2) 54 3: L ^ {* 
» $ n /-c o ^i: ^ C ® (i 14# ^Ef*iT K- <i: C'="22§ ^ fef^W ^ fSI 
B#C f^l#-r h Z. 1 tifzo 

cmmmu) t h2§ (ttfimi/c) . i4S (fiLi*sai) . 22# ctti^Aii) ^ 

J122S"^fei*:^ y 7 X h -f- ^ V >ittt ( Izurai s Exp. Cell. Res., 197, 22 
9. 1991) > /N-r ^■'o-s' •> >itt4 (Wind-i. Cell, 82. 321-, 1995) ^Ov- 
7^ -ite^®#A{c=fc «9 v-^ > oo Ctili (ll*g^iJ16. 26) tc^Lfi;^?* 

t M4§^fei*: (iirK-) S<^"2§^fe{*f35tiTK-^f?.itt- ^ t- 7 xESaSS* (TT 
2Fi*> G4l8iiii^14. t° ^ - o v ^ ■> >iiirftt) iz (ll^g^J9) Vfjk L fzl5/i t^m 
■;c 7- ^ X h -y- yittt* ^ i-WI^n n t' ^ ■> >fttt^T--7 - 4- > 7'$ ti/c t 

- i^^'-iigsti-e ti^'noiitRT- - Tt? - fc^ii L 7-c ©^^ffl-r^o /n v-r ■> 

i jr. -y ^' -7 x^.mJ^^mtz^i^i^mm^^^mm (Jolmson-i. Nuclelc Acids 
Research, vol. 23. No. 7. 1273-. 1995) ^mmt^o l#'^>n^G418. t° ^ - 

n < •> > , a -7 -> > ( * s i-wi7'7 X b ^ X >) Hfii^itt^*^i±IS 
3fi<7:)t h^fef* (iiTit) ^{^J^ L Ti.^ ^ c i 7:)<pcRPfi?^ (ll^Sf|J9^ is. 3 

5) J: (9 fillS$ n^o (1ISS^iJ63) f# tl 1*1 StttJt f^fiil R O^gil^m T 
^)f9;:)^ot hUS^fef* (irit) Ra22§^fe(* (Slrlt) ^ f*^ -2. v 7 x ES^i 
(TT2FS^. G418Htt, t° ^ - o -7 f •> > it ) ^co 7 n v ^ •> > ^, ^ 
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WO 00/10383 

|5] (C fT 9 o 



7 -7 X fp ^ 

(IIJ£P6K 62. 63s 64) nmn^ tl^ \i h m,WmB^^^t^m^W (S^K-) 

f-^^ti (^SE^ijlO) ^T-tt; L /-c^^-^fc J; i9 IT 9 o C C t# n -5 ^ ^ ^ ^ x «c 

X-^izm^^ tl^ h h fit (HM^'JHs 23s 32) rfjk L fzUm'.Z J: ^9 ^ t±i $ n 

{i^A^fef*:±® b hS*cZ)^jCD®^-e^50-es ESlBSSfi^CDBIfflSS^^^ < \t 
b h !Jl infills. /c *r^^-r >5 ( Lonberg^>, Nature. 368, 856-, 1994) o 

^-^iCs (.nmmZl. 38) -c L ;^ 74 {C j; i9 « IS s gil ;i<* Jc b h 3^ ^ * -5 

(1) t K 14#^fe|*i(f)t (tJtt^Silitfe^^^^t,^) RO:' b h 2§^fef*ifi=|- 

it^E^^Xfl^ XESlEJ}a*KH13;^^ <i® 4=- y ^ V ^ x-f^^(i (HlgfiJlO) H-C^L 
:^ ^± {c J; !9 ff /-c o ltl76{@<D}iAE^I^M L fc^^s ^ X ;i)<ig:^ 

L/Co 4^;^v(ii*Cis ^fe{3:fel^T?iiK (ICR) * ^ ® S feCD TT2$BBa * 

-^^fetcB^ ^>;&^{ci?^fe®SB5^•^D^) -5 s ;b s ESlBflSoSi^cDlS^b ti S <@ 
{* liTEET- S> o /Co 

C^W^ct 0 s b b 14§^&f*ifr>t (taf^fiSIiifei^^^t^) RO' b h 2^^ 
fe{*8fT^ ($211 /c ilfci^^^t;) ^ [5] et c 1^ |# t- ^ (*ii5E K (* S §1 s /cigitfei^ 
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Lfio ^^vMi^ii. ^^iz^K^xm^M: (ICR) 4*oafe©4>{cTT2fEBS* 

fef*^^ A ililfe? *#t") ^l5]B#{cf^t$f § ^•■ffiti tali* Mils /c ilit^E 

(3) t h 2#^fe{*gI55^iTK-Sa=" t h 14#^fet*a55t8fT)t*l5lB#{c(^t#f-^rt 
l£ttta(**il. ^ ilXa^ -7 xES^fflfl^S y 7 ^ ^ xmrf C^oit t h &C 

||Jg<?iJ65- (I) T-f^Sli L ^ ^ -7 0 X (KH13**) ^W.iOB ^ izUm 
L. ifilTfcf^Ot htai*ig]g^ immmii) {Ct^l^ELISA7i-et^tti L/c^ pbst-^ 
f3 L f- fjt c h feS r^' a 7' U > /c iltitf* (Kirkegaard & Perry Labolalor ies Inc. > 
01-10-10) * ^ (-^(^trC t h feS/n 7' "J > /cllt^ti* (Vector^ Al-3060) 

7-^ y^'L. -7'^xifli?f orv, M5905) ^m^fz?^si:-^ULtzmmts.n^ 

na^. I. ^ 1? < ;b ;t- 4- •> - -tr" 1i t h S a 7' U > il I* (The Bindin 
g Site Limited. MP008) <fe O ti ^ :t + •> ^' - H?' tfl^ t hfeg^'a7-'J > 
r il {* ( •> / ^ . A0170) ^ ^ T ^ > + i < - h L o ;U + -> ^J^' - -tfg 
K i L TTMBZ y ^( ML-1I20T) }]D (C J: 0 ^ ^ 450nmcD 

I 3 0 
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IgM (Caltag. 13000) s IgC (v^^'v, 14506) ^ ^ O 7. mm ^M1]Q L fz PBS 

Tjs # L t i ib 1^ L ifli CD h \^ tdt^mm^^i^bfi. m^'^m.2uz 

S21 + y 5 -7 Xcj3<D t h t5tf$-^]g (ELISA) 

ES^o-> ^^y^^-^X IgM. /c (mg/l) IgG, /c (mg/1) 

KH13 CKH13-1 95 0.1 0.07 

KH13 CKH13-2 85 0.9 0.13 

^M^J65- (2) T-fpM L + y 7 v-^ X (LH13S*) 7i^ ^ *m^> :i^49B g {C 
iJglfllL. JfllM4^®t ht5ti*llJ^^ (mSfeC^ijH) {C^^£l^ELISA•iST•^ttl L T^Co PBS 

L/cta t h 7-" "J > A iltn;^* (Kirkegaard & Perry Labolatories 

Inc.. 01-10-11) ^> ^-^Hta t l^feig^^'oru >AiItJL{* (Vector. AI-3070) 
^=i-T-^ >^'-Lx v^xiam (vyv. M5905) ^jD^fcPBSTlnrf? L fclfil-/t 
iS*4^»0;ts i:^ O T- /l^ ^ + •> ^' - -tr- If tJt h K^ig^'ayg >>c^lit5ii* (The 
Binding Site Limited. MP008) ^) S l^ ;U ^ + •> y - -ir'^liiatjT: t h ^' a 
y ') y 7 mtriW iiy A0170) ^ Jp X. r ^ > 4- a. 'n; _ h L /-c o ^ ;U ^ 4^ -> y' 

-Hr gKi L TTMBZ ({i^<- ^ 7 ^ h . ML-1120T) © jJD (C J: «9 Sft ^ 45 



>IgM (Caltag. 13000) . IgG (■>^''-7. 14506) ^ ? ^ X ifli/S ^ ^fln L 
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r V v^:; zifE/t't^tc fills $n/:o 

E3^n_> ^y^^^X IgM. A(mg/l) IgG. ACmg/l) 

LH13 CLH13-1 95 13 2.6 

LH13 CLH13-2 90 2.8 0.36 

(||«,167-(3)) T-i^S^$nfc^y^-^XCLH13-3(TT2FES.a->LH13* 
^^ymm) {C*}LT. ^m43S@7i^bHSA(cJ;afeS*:§I^L/Co PBS 
,^;^r.Lf.bS^itT;U7- > (HSA. A3T82) i T r (MPL^ 

TDME.uls.on. RIBI I«unoche. Reseach Inc.) > ^ L T 0. 25.g/.l «HSA 

-B) (C^f;^L. 96rv^U- b«&welltclOOMl-fo5^/±Ltg«LfCo t^^o, 
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o T t K tJi; ^ W 7' 'J K - -7 CD X ^ U - ^ > ^- ^ fT o /I o t h feja n 7- 

•j > A iltaf* (Vector. A 1-3070) ^ =i - 7^ ^ > L . h" ^ ^ > M IS t feS 
n 7' iJ > A iitai* (Vector. BA-3070) (C T t" v > - ^ tT" 4- ■> ^' - -if't^ 
^f* (Vector. ABC4--y h PK4000) ^ffiOTTMBZ ( - ^' 5 -< ML-1120 

® Pitt'^ ^^U^f#/Co Pite'^ ^^K^lfflfia^24;\: >^ L/- h (Z.f^ L . IMDMtC lOi^FBS^ 
■^Jd L /"ci^itfi^ffi <-^Tt^S L fCo ^m±m^ (IISS^'J65-(4)) © {C'ctfe l> EL IS 
A-Cil?t/r L . 16®® ^^I'T-O. 09— 1 Img/m 1 © . t KIg;uiIgA^t#o^^t h 

tjt {* CO # ffi 7i< 61 IS $ n o (uss^ijss) tJtHSAt h a ii®t5t^*fi^«ij^ 

91> {Cie^ nfc^^/ifctifei,^. pg^f&IR-S^ffl l^T n-^ > ^' L fco tiiHSAt h 

mm^titzo ^ tzEsmmmm:iz>^ LT . jjtiiit^fi^ b h ig^z fe^toMg a ©tjtf* 

t /■c^fe{*7&<M^ilijtt-7 -7^ -^J^ofci6. HAT^iUD-(±-f\ G418<&fflL^T^^ 

-:>mmo:>^^<i^mi- hfzi^. ^n-i-t-u ¥--7i:m^mizn^zti)<x^^o ttz 

ili^molBBSS^-'it h ^ CD ^ ^ <■• C i ;5<^?#r- ^ §o ^ 

^ ^ D — -7|HSS;6<HGPRTif ^ ( hypoxan th ine-guan i ne-phosphor i bosy 1 1 rasf e r 
ase) o Ti> § =fc 9 . HATiitRfc^iS] ^ ysiiiSti-C^ r tii^ffl njt^i § 
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„ ,,3- 199.) MTU...<XSL- 
423-. 1991#.^-) o 

(1) ^^mmj ,^T^v-^o7.^Mo^ntL 

ii^^ (-7'^^^i^«ELISA^?lfTit^M^i!T5#B.a. Kitamura^. Nature. 350. 4 
23- 1991) ^..?t)T^n...^m. ^«.lT.;U.<XtiL. i^^m^^^^^^^- 

,cfeMt^fS^.i*Kita™ura^. Nature. 350. 423-. 1991#.«?-) ^ 
cell 68. 855-. 1992) ^ . «^ ^^B^ ^ ^ ^ ^ ^ ^^-^^ ^ " ^^"^ " ^ 
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(^i£(?'J62) n/cES$BB9S**KH10^^]5g^iJ6T- CD "C- 5i 3: $ n /-c tJt 

SSi y r h -7 X CD iH ti 5^ IE (C J; «9 f4 n^Efc-^A"^ -S C !C J; (9 

{^J65- (1) i [5] :^ ?i T- + y 7 ^'f L/Co Tii^cD^y 7-7r> 

-ifiUlIaL. JlE/*4^©t htJtt*:;^]^^ (II5£^'J14) (ll5E^J65-(3) ) ^c^^|^,^ELISA 

tJt n s c i 51 IS $ n o 

^23 + y 7 ^ ^ X4'<D t h {Jtfiiiig (ELISA) 

ES^a-> ^^y^^-^x 4-yv'^% IgM. /c (mg/1) IgG, /c (mg/l) 
KHIO CKHlO-1 6 6. 1 0. IT 

KHIO CKHlO-2 3 1.9 0.4 



(3) t h 14#^fef*SI55^ifrn-S:a' b H 22|| ^fei^^^BIrK- ^ f*}^ ^ a 1*1 ^£ ttta 

^ -7 ft? X ifii?f ic !t t tfcl • .SS 

(HM^ajeS) T'^ff^ nr-cES*ffiBS«LH13^||]5£««J67- (1) T 5i 5: $ n fc iJi 

^^^X^^-^ML/i (USSf^jeS- (2) i |5] ^ {c cfc -2, ) „ M^Lfc + y^ 

X ;iM^>^1^5ili^ {Ct^lfll L . llQ^43(Dt h iJt ^ (HJSf^iJH) (HJS^iJ 
65Jl^4X)_{c4;;^u^-E4-l-SAyi-■^^^-di^^/c^-|S:l:-^-^-2T{::lI?T;"h^^ 

r il^ ^£;^:^t}tt*7:)<+ y 7 ^ X nn (c 51 IS $ n o 
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+y 5-7^^7 T.^^'CDt htri;(*i§SCELlSA) 
ES^n-> 4^.. ^-^O^ ^^v^i IgM. A(ni8/1) 
LH13 CLH13-3 35 51 

LH13 CLH13-4 85 32 

LH13 CLH13-4 30 27 



, M.t hl4§-^fe^^^i*t*^^A9/U4^* (^«J9;To™izu.a^. Nature Gen 
e. vol IS. l33-143a99T).IE«.nr.>.A9/i4-Cim) ^--^^^ 



^o.ra««v- *-^**»'«543 (Science, HUMAN CENETIC MAP (1994). 
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SC20l!lTi=^-(Coi.^T t h ■(^Ef*!t^^6^^n-7'^ffll>7'iFlSH^5?l/T ( Tom i zuka . 
Nature Genet, vol 16. 133-143(1997)) ^'rr^tz^ ^ $S ^ C <7D ^ n - > fe- 
L^r . zi y \- a - )l ( y 9 "7 V M:i4#^fef*^^t.^) iJ:bi$ LT^n-7{C^N 

-r -7' u ^- ^ X ^ sfe <^ -tt- -r x ti<'\^^ < ni: o r i ^ -s, c /i-^' M ^ $ -fx , 1" ^ 

$ {CSC20lirit;*< t h 14ll^fe{**^® -tr > n y T SS^iJ ^ ^ t^Wc o ^ T Hi ^ 
i>-tzib. A9/SC20|fflBSco-^fef*^*i . v •> y.:^ > -ll-dUTPT-.tia L rc h h 

r o - 7" c: L W r U ^' X $ 1+ . (Tomizuka >i . Nature Genetics, 1 

6. 133-143) (cfSm$ n^c;^ft{CfA£ o TFlSHR?tiT^ff o /Co ±i2 7'D 

/ T g£?ij ^ C i A^'Sfl i ^.i o rc (1136) o 

(2) UH^fei* (ifrit) <^TT2Flifla-\0 2iAS6nT2FfflSSC^~(t.5>^^{^J# 
14 §^fei*ifrn-OTT2FligS--cD i ^ a -^z K\.f^^Wm^mmt LTA9/SC2 
O^fflo. ||)5£^'J9(C7F L fc:^?£-efT o fco G418 (300 g/ml ) iStf^ (D.^g^5-ft 
<7)»tt.^-^,f#/Co._ C n -i® ES$fflm*^Co^.^T <!: (Hjlt «c PGR)!?!/? ( *S£^|J 68- (1) ) 
*5 J; G'=FISH^?^/f ( h- h ^fef$#MS^^o - ^'{gffl. Tomizuka^j, mil) \z <0 ^ 
V i4#^fef*ir)tC0(*^^SilS L r-o FlSHS?^/?0|^^^ilj37{c^t-o 
^r:7Xf@{*:{C:fe(j-^^At h ^ fe ^ ^ Ail fe^^ CD 6^ ^5ife J: 

<:?'^A^fe{*cDJ:^'!^6^;'d;i^t^'v(Z){i;:il{cl:gr^)>5o ES$fflSS^5^cD?iiK?±A'^{i 

f# $ n ^ c i X)< ^ ^ L u o 
SC20ISTK-^at.^TT2F(SC20)-21.^{loC^TG418l^/3SSn±SitfiTSI3PBTtSS^fT(-^. 
C (7D^f4{Cfc{t '5SC20iT>i-C0f*l#{Col,NT-^l^ L /Co 

TT2F(SC20)-2m^iii/^i$itii (G418 300//g/ml) T lil PbI J# S L fc . l^^ltR 
iStl!!-(?45a raimftlSm L /c (lH:lo ^ {c8{S#f^T=fix.$i^-) o ^ftO. 15. 30. 
-4-5-H-g-(C— 3(«^-l-0G^fl-<^-$iia-^-35itnn->--v b-Bt^^f^fi-g— ^-e-5-*>-3l^^5^^1-^^-^g— 
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vTVfuwiujoj \^pr s^imm^ PCT/JP99/0451 8 

(D ■> ^ - ly(Do a ^-■^(D^ii ( A ) > l^iiiR ^ # <7D 3tjJ 5^ o •> - u CO zi o - 
-liCCD^It (B) J: <om^iti^^m CA/B) ^3j<a6fCo it 13^ i6 . t h2#^ 
fe{*S*W23iTit (^J5ef?iJ40) {coort[5]1« (iitRigitiKiO. 75;c/ g/ 

ml puromycinA D ) ?A^I^*fT^-^^ t- (Dli^^[lI38«C7j^ L /Co 11I38C L (I 
3 [Hi CD 54 5: L H ® ^ (i -c ^) ^ o ^ O M ^ S C 2 0 (i 4 5 B Pel O I ^ jg t/^ ^ (4^ T <7D 
ft'^ ^i95%£(±c!: l-^ 9 L /-lo VV23iT>1- (ifejlicD^fit^T-C 14 

^CHO (/N A X li^^flS) ^DT40 (^7 h U B U >/°Blc|BBt]) . v 

XESmmiz^ALfzn^^<&h (Shen^. Hum. Mol. Genet. 6, 1375-1382) o 

'y7.ESmf^^X'^'^mr^^t\.^om^f)<mih^titz (Sheni^. SalE) o 
±ie®gm(iSC20©ii^ t hS^co-tr> hnyTT^>^n):;^<^, (llife^iJ68-(l 

W ffl t:- * ^ C ch ;!)<7i^ $ n fc o 
(3) t h 14#^fei* (iT>T-) ^IStt-r §ESIffl)lS-t5^?!)> .i®^ y Xi'fm 

mmmQs- (2) t M4#^fei*DT>T-ofi^/6<Esis^nfcG4i8W 

ttES$ffliS»TT2F(SC20)-21^itMx h -y 9 ^^iL^±^7\ ICR (B*^ UTtt) 

^ J: 0 m >hnfzsmmmji^izm^fz ^ io~i2fiz£A l/co es^s 

flSffliSitll (ll^^iJ9) T-e^i^ft LTK^tlt^^^t ^ i±/c'^. (^((£^^11(^2. 5 

a ^ X ( a ^ ^ L/ Tt±) (7)i^^{cn-ffliico^ 0 $^iofli(D > 

i •> 3 > E ^ IS L o 
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^feCfcH^TTiiflS (ICR) S5ftCOafec^*«CTT2*fflflSS3fe<^i?^fe (M^) ^< 

5 ili$©+y7Vt7X2E (TT2F(SC20)-21S3^. ^ y ^ i?ilOO%^ C14in-16. - 
17) ^ K> L mm ^o:> t. StafilgM. IgG-^J^^ (HSg^'JU) i|l]««cELISA 



IgM(mg/l) IgG(mg/l) 
C14in-16 100 7.9 1.0 

C14m-17 100 6.0 1-3 

-oT^Co t^l^^^ SC20ir>T-{C#±n'5 t h taf^jtis^ iiat^S^T* a d > 7i<7K$ 

(4) t h 14§^fe{4:iT>^^{Sit-r -S^ ^ XESlfflSS (TT2F. XO)**^^^-^'^ 
xcDiFi^Ctett § t h ^ fe f* t# <7D ^ tB fe ct Ifll -/i "4^ b h fett* /^ 11^ r il^D^tfJ. 



(IISS^iJ68-(3)) n/ciiS4^ / ^ v!? 9 -^CHm-ie. C14ra-17 

fe(75^ 7-^100%) {CO i^rti I CR-7 ■^xicoS^ieJCct'O ESIfflflS*^©^?;^;!?^"^ 

-?«Ccl:«5^ftL/'-: + /'^^^ x 4" cOTT2F$ffl)ja (if ^fe : "St*) S * ® 9P ^ (i 
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l;! L/c^V ADNAfcoiNT t h ^fe(*lilT>=^(7:)f*l#<^PCRy£{C J; 0 ^It L /Co TT2F 
(SC20)-21-^???£;^)<51IS$ nxi^^aScoy^ n?- (IGVH3. IgM. D14S543 ) 
(col^TPCRi^llli^fTnj: o 30Ec|:i0E (33%) {3*DH^TTT2F(SC20)-21 

)T-^{^t#^aTT2FlHga^TT2F(SC20)-2l7:)-'"+ y 7 -7 X « 6^ /.i: HP ^ fc 5^ 

L. ^oip^ s*oFi^f;|{c t M4§^fei*i?n-;iM5iS$n/cci75<^$n/co 

^1g:l^4~8ili^CD^ -^7 X ct «9 Silfil L . jfilim^Ot h tJti^: ilfc =t C>' r II ^ (H 
JS^'il4) i iHllifcELlSAi^^ffll^Tl^hti L/Co ^CDI^^ (^26) ^ li^/c:i:-<:o 

$ n /c o 



26 



5 ^ X4^CD t h !5t(*lgM:te J; CMgGziJg (ELISA) 
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t h tjt {* ;tz IS ^ ii ji? t/T ^ rf o /c o i<D'^m. (142^4^43 

(5) t M4^^fef*ifr)t<?5^ ^ X (ii*{cfe(j- ^^^f^tt 

( use 68- (4)) {cfci,NTS^f#$ n/cSC208lT)t^^i#-r -BFl^^SE 
4^: 16-5. 17-8. 17-23) ^ v r> x (@ (c it ^ SC208lTit l*t#i^^?tiT C ffl /Co 
-7 ry X iz )l -iz i K (lOOxig/ml) ^0. 3niiflIfl^rt/iW L . ?l lisfe E3 J: «9 $ 

5E^^±. ATM. fl^Ms ffM. ^m^mihLi-zo #fi^® ^- < t--<TCDm^^ 
PBS (-) T ijt L . m^^n^mm^^-^ i xm^^ < . kci (o.o75m) c 

J: *9 15 55- Pal 11] -MS. ti Jl y rm^^ Lfzo ^ >'l^ / T H ^ CD ± ?t ^ ffi l ^ T S"^ 
il «9 If ^^^-^^ L /Co FISHPtiftit h ^fei*#M6^->^n - 7- (Human COT-1 DNA 
) "^m^^. ^^XM. (Tomizuka . Nature Genetics. 16, 133-143) {cgefc^ 

ntz:^m\zvt'^xa r> fzo n-m.. sriii. #ii{coiAT{iEB{ciiA/-f 30<iJi( 
±<^Pb1^-^{co or -> ^^'^ ;U(Z)^tii ^ ^jCD (I1I394' o > ^\h-^fifi\.^h(D 

(I2I394> -) ©i^^:^ > H L^Wm^n^ LfZo o T (i . 

^m'^. m-m^'i^um^. m'^^z^m.L. ^io<iJi(±coi,^T;^ ^ > h Lisjt 

^ tti L , ^(D$gm> .iSs fFMi:(13fl{*c!: io 100%ifii>f^?#i|i^7r: L/Co # 
iia. 8*SiT{3. %nm<D{^Ti3<mm^ tifzo Itmr Ji. ^ — ?€i5c5^§i^T?80~10 
0%. 1t^-e30~50%CDf£^;i)<?# n/Co SC20i)TM-;:?<^^ f^J# $ tlT l> S <!: 

f^'^^t^ft L rco ^cD$g^(S. 16-5:98%. 17-8:96%. 17-23 : 98%-C * o 
SOI^tS C o l> T T- X h ) o 

-X-m--7-0-:3;-<7D-ir{E-ft5-|^r-z§ 
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^ X JiMCH(ICR)-7 ^ X i cD5ciS{c J; «9 ft /c ® ^.ifttfe^^Ft- h (D 
6¥l^UMmW (17-7) ^5SffiL/Co i (D'^^m ^titz5^(D^-^ o xiz^i^x 

(mmmes-ii)) m^. =2. 23, ii5(7)3(@i*^<sc20iTK-^i^j*i-a c i7D<Eiis$ 

nfz (^27) o m it 4^ V7 X t5t i2f: X/ il ^ il tir (Unmio) 

ibg^LT. ta{*fiiIXm*^75^o. 14# ^ ® il fei^M ^ f#o (1 S3 fc 

<-^T (i^^-ft {cSrlJ^<^ t htJti^Aiil (310 mg/1) ^ yll (860 mg/'l) It l±l ^ ti 

•ft7'^^x(7lsr2^r3. r 4)^f ^Tftfcb L/Co #{c t h ^/llcoilJ^ti 
f?t4M V ^ X {C 4o Jj a -7 r7 X ilOitJg (Mendez . Nature Genet. 15. 146-15 
6 (1997)) (cEi^-r^o t^S.t>^. Z(DmWiz^\.^Xi<t\H^\±Mmi&B^(^Xtm 
(C J; ^5 t^tt^S^^tg (B 'J >^^E}c®^tI : Kitamura^.. Nature. 350, 

423-. 1991) i l> -9 iffi^:*:7i< t M4^fe(*irK-SC20 (taf^Silitfe^-^^tO 
AC J: !0?'^i!S$n. tat^^^t^SO^'B 'J >^°£lc^^t^7)<[E]^* L/C C i Lri^ 
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SC20mni^\^ -rryxum thIgM(mg/l) thIgG(mg/l) 

1 - - ^kihm^BT 0.33 

2 + + 8.4 5.3 

3 + - 310 860 

4 - t ?ai|^-t±# iiMm-^-f 

5 + + 4.8 0.86 



1 4 3 



(1) i ^ P -t ;H4^^fijffl L t h 22§^fe(*:(DlllT)t ft 

t<fm^tiho ^ ^ cn? ;H4^!iJ; ^^SIfflJia-.o t h A(D|!:^^ 40-80 

TL>-5 (ff+^^i. SSK t^K Mm vol.35. No. 14 1990) CCDiJ^^fiJ 
fflLrt h22§^fe{*coSfrK-fl:^^^/-Co 

6-1.^ (^m(?'J35) ^^fe(*f*-^lHaS^ l7t±M-7 ^ XA9liS!l*rSSIffl!S(i: L fc 
i ^7 n-b;Hi^^.^ (^5S^'J1) ^^f-o/c^ll. T3<i®G418itte^ n - >;6q# ^ 

2) ^ffi l^/iPCRC J: «9 X ^ ij - j:^ > L ;^Co t h Ig A iliS^^f^tt L T(->/c67 
^^->(Co^.^T. 22#^fel*±CD8ao V - ^ - (D22S315. D22S275. D22S28 
0. D22S278. D22S283, D22S2T2. D22S282. D22S274 ; 22S^fef2|s:±-e©III|l? (iNa 
ture, vol 377. 367-379. (1995)^#.^,o ^7 ^ v - cDigSie^iKiGenbank^© 

25 ^ □ - > tC :fe V ^ T - 77 - © — SB ^ L T I ^ C c > C tl b ® ^ D - > 
{Cfci>r22#^fei*;&<ilT>T- ft: LT^-^ ^ i n/c (1140) o ^n-'^ 

=22(i Ig A i D22S315. nSiilg a aL^\.(D -7 - ij -i)<m^ t x '^^ h tz ib . ti-fl^ 
'b-^-l-l^^izfi. '>X\.^^ t^^^n^ (1140) o ^ a - y ;28(Co l^T t h ^fe 
f*!i^^6^y n- 7'^ffll>f-FISHl?ti? (iUmmm ^u-^tz'^^^mAUZfrst. - 
^7)^7a->^cfe^,^T. r!>ho-;b('r>^i? H ^<i22§^fef*^^t^) iiblj^L 

(2) 22#^fef* (ifr^t) ^?5TT2F|.ifltJ-NCO^A 
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2. A9/322(6-l){CooT(l t'^x-n •> > ( 0. 75 g/m I ) ili;^. ^ a - > 1(2 
8{co l^T {SG418 (225// g/ml) ;ltR^fT ^ ti^"ni3t* ( o - > S22 J; 0 ) . 
5fi^ (6-l=k<9) fcJ;<^"3^ { a - ymJi '0 ) ® ^ ^ij it t± * f# fc, C tL 

h22#^fei$ dSrn-) ®r*f#^fiilg1--5o 

(3) t h 22#^fe{* (irM-) ^^^Jt-r '5ESIffliS^;&^ 1^0 + y 7 -^r^ xfp^ 
mmm69- (2) -CjRft^n. t h22S^fet*:Of^f#;&<5tlS $ tlT^cM^iJWttES 

(4) t h22#^fefr (ir)t) 

t-^o li^t- -5 X CD^^ J: '0 DiS^ L T^c y y A DNAJCo ;.^-r t h 22 

#^fe{*i)Tn-^D#|t^PCRft{C cJ: i9 ^Itt-^ (^5g^iJ30. 42. 43#.^) o t |^ 22 

(*5lfi?'J43) 17 ^ L /-c ii «9 (c 4=- / V v-^ xi43TmB^6^nj:9P^® -S o ti *t ^ fc 5> 
L> ^ t h22§^fei$: (iff>T-) /tiMi it Dj T ^) >5 o b h 

5t jZ C i 7{)< T- ^ -5 o 

(^SS(?|J70) t h 2#^fe{*^>^-S^u;i4§^fel* (Slrn-) ^ [5] {z J# f -5 
X fll ® 3^ 12 {c J; 

(^Se1?iJ42) $)-£)l>ii (Il5ffi^ij43) Ti^'^nzct h 2#^E1*ifTH-^1^f#t- -t> 

•^^xi^^i inmmm -cm^titzt. M4#^fei* csfr^r) <s it ^ v r> x 

^^^32iet-oCi{cJ;(9^Sn^^-<"^XCDM,MJ:«9i)§^L/cyy ADNA^PC 
R/i^ (m^S^ijg. 42. 43) izJiiom^LX. t h 2#^fei*S5>i/TitS: CK t h 
14#^fe{* (BItK-) ^ [5] B# it t- -5. li <^ f# o 
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42. 43) (icfcO^tif LT. t h22S^fef* (^i^) S C>" t h HH^fef* (KK") 
^ [Hi B# {c t § fl ^ |# a o 

cmmmi) Tit^n^t h22§^fei* cirit) Rc/'t himm^it (irfr) 

x^,'^^ (^Jg^iJ42. 43) xmtifzt h 2#^fe|*SlT>t*f^jt 

ADNA*rPCR7i^ (^!Se?iJ9. 30. 42. 43) izJi^m^frLX. t h22§^fe|* 
(iiK-) sot M4S^fef* (SfTit) &0"^"t h 2§^fef*S|35^if>tcD3S® t h 

^fe^*^l5]Bt{c^s^tT-g, fi{*^i#§o ^b-si^ii cmm^jTO) -cit i^n-s t h2§ 
^fef* (Sfr^-) SLO't M4S^fei* (iT>t) ^(^tti-^^'^xmi5ti immme 

t h2#-14§ (^Mf^'j/O) . 14^^22§ {nmmiD . 2ll-^14ll-f22§ 
miX\.^ ^ x^^mfm^ &1^&L . th2#-M4S. 14§-f22§. ttzii 

2S + i4# + 22§^fef*<£-f^t# L. t}--o{^i^^w.i:^mmAB^^amm k hb^f 
^mfcoi^T^^^T^ § x^^^pcRiij?t/f^ (nmm2. 30. 42. 43) 

(Greenii. Nature Genetics, 7, 13-. 1994. Lonberg'^>, Nature. 368, 856-. 
1994) o 
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(2) iijg0^ij68-(4)Tf# '^.nfc t h H^m^f^mn^u^^-t ^ 7.^.^^ : mm 

{c^ L ^zK MONACO -^^^ y^stjTS.c?\ xijtf* il^iicDWM (USSf^J 

±iS<^4^^^^S»-^ ics^iet" ^ C i {C J: «9 X C n t> 4o o it fe^M (2ll^fe 

cDl^m. il^*HK23 r2#^fei*iT)t{*^#. 14#^fel2tcBfriT-{*1#. ttt*:SII'Xm+^ 
/c il ^ fi 7^ □ J RO'<ii*:HK29 ir2§^fe{*:i? j=i-{^Jt . 14§^fei*^it 

3^ i£ {c J: «9 n fc r2#^fe{*i/^K-f**#. 14#^fe<*afrn-f^it> jAt^SIIXti 
^7^o^>^ taf* /c ll^mif ^Mj <7)itf5:^i!|® fli{*(HK28) ^ ^^T 

K%kt-^ V'^^t,<\ 8mg/ 1 CD ^ T- .f ^ tti $ n ( H Sfe m 38) , 
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2^m^nniz^tni t hm.i^Km»B:^iZJ:'orRW^tl^ (Lonberg^. 
Nature. 368. 856-, 1994) tii6. HK23J: «9 ^ t> (3;^l>?tJ^£7) t K trC /c il ^ 

111- b n^o tfz. t hmmt Km^-iu^s^^tit hmi^cof^mh^ 

(^Mf?iJ25) ilHl^tc (^Jfe^J42. 43. 68. 69. 70. 71. 72. 73) -Cmi>tl6 

l~3iira1±§S L±^S±?i^ELISA?±-e<iilf/f-r ELISA^id (^S£fiJ14. 15. 

21. 22. 25. 33. 34. 37. 38) izfjk L fzyjmr-rf^l\^^ . t h tnl ^ ft S: C/' t 1> fit 

(^IS^'J75) -7 xia:<*gii(Si(iij7 b;u5S?^TT2Ffflis^**4^y ^^'yx(Dmm 

4^ CD -7 7 X I gMcD 1^ ttl J; 

oO% . 99% <^3^i^*{col^TI^aiW4ICD X igM®.tttiifcck a="^a^^T o /-Co ^ 

^Iiti2iii^« + y 5 V r> X J: f9 Sifa Lmrfti^^T)^ X igMzi^^ (HJg^^iJH) © 

ELISA S ^ffl l^T^M L /Co PBST^firl/^ L /c tJt -7 X IgMtJtl* (K i rkegaard & Pe 
rry Laboratories Inc.. 01-18-03) ^11^ L . L^T5%FBS^i?s»D L /-cPBSTl^ 
IR L/cifli/f i]$)f4^Jn^/Co '^^l-^ + v^'-^r-^iSstav^xlgMt^ti^CKirkegaard 
& Perry Laboratories Inc.. 074-1803) ^Jn . TMBZ^SKi L. 450 rniK^DOj^^ 
m^MimttZo m^$tltz^'yx\giA{yT-i>-y^y^ 03081D) ^If^i 
Pgfi^{CFBS^.;jnOPBST#fi^L/Co .^^^^^28(3^^0 ^ ^ Xtn;|*fill(7) fi^fil T 
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U ;U 5S IS $ n TT2F$ffl lia 4 ^fe CO + y 5 -7 ^ :^ (7D o . ^ >t ^ i^fy<99% <D h <^ 

fit m ^ titzo 

^28. ^ / ^ -7 O xc^o:)^ ^ X [gwmm. (ELISA) 

^ / ym% I g M (mg/1) 

0 12 
50 11 
99 1. 5 



mMm^s-itrnmiz LTt-o.-av^v/ >itt±itfe^<5DM{|ij{cLoxPie^ij^An 

/•cLoxP-PGKPuro^^ X i K^fl^^LfCo pPGKPuro^^X= KDNA (Watanabe ^, 
Biochera Biophys Res Commun 213: 130-137 (1995). Peter W. Laird. Whitehea 
d Institute for Biochemical Research and Massachusetts institute of tech 
nology. Dept. of Biology. Cambrige. MAJ: ^5 :^-^) i: ^3 §ij pgp^Sa II T- e ^ - 
a V < •> 4? -y h PGKPuro^t^ f5 fcB ^itfkU/Co LoxPiS^iJ ^ ^ t; ^ 7 

KcoSmalfe J: 6'^EcoRV t^8fr^{i--PGKPuro^# A L . -f ^ x i KpLoxP-PGKP 

uro ^mtz (11130) o ^ ^i:^. nmm'i8tmmi^Lx-7 o xtAi^^m ic J 
CD 'mmmssrm'i^LfziKi^^mxm^^oi^^{:^u2?mmw (hd43) (co^-^ 
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T h" i - n -7 1- ■> > Wt^it £^(D}f A (C J; o r . $ b «C(^||i|T b ;U;i<±t(z®^$ 
-n ^ (# L 0 

L> m.S£f^y58cf5]|«(CHD43r*^ff^K*5^ LZ-Co c ^ - n v •> > ,iiJt 0. 75 ^ g/ml 
TjltRigS^ff T~9B ft{c^ l:/-; D n^-^ h° -y ^ T -y y L . m3£^iJ49i3 
^ L /i:^/iTJ^ISf^^. y / ADNA^|5?|# L/Co 'c ^ - d v ^ •> > jfit fe-t^y y A 
DNA^$ij!5g^^EcoRI T^^ltLs T y?' o - x ^ yumS ?>1clff T ^^-gim -^f 

i£(?iJ58. 59) o ^Og^s Sit/T L fc74tt434^®tjt{*lilIi^T U;b5g^.»^|#/c^ 

(2) i?t(*l:il^a*^t$^f*7iNotJti*ggiiife^MT u ;u fig ^ -t* 4=- y ^ 

(^JI^|J77-(1)) Tf# b tl /-c tn; i$ g il T U ;b®^^TT2F,1;fflSS^HD43P-iO^^^ 
h -y ^ J: <9 35: ^ ± t ICR (B*^ bTtt) £1 ittf X O 55 !£ (c J: ^) |# tl 

/■c8^fflfls.^M{cEs^c^io~i2fi/±AL/co Esiffisaffligitfi i%mm^) -K:-m% 
^fe{cfei^T?i±E (ICR) s*® efe<z)cj3{cTT2ifflaafi*oi?^fe (ii^) 

*.4|@i*(i^fe®80m±;6<i?^fe® (ESIfflSatci^fc-r -5) 4^y^^^XT^-. 

/■Co 

C ®$Sm J; ^9 . ^K'^mk^T U^bKi^l*ES$ffi^;^HD43P-lO{i;« y 7 

^ f^tt L T I ^ § c c!: 7;><5S IS ^ n /Co 

(^S6I?|J78) tal^^ll^m-t.^tg^f^j: (;(?Noj5Lf*miIXm't> tfg^f*) TT2F|ffl|}a 
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tn: fail T U ;U5g?^^*HD43P-10 ( h" ^ - n ^ f •>> . G418»tt^) ® t" ^ - 
n V ^ •> > S:c>'G418Kt4-v - ^ -igf£i^^ (lli5£^iJ52) T tts L tz^miz J:. ^ mi: 
Lfco G418»tt^ - ^ -ite^^coi^fl'H^lf A L ^cloxPiE^iJ ( H Jg e^'J48-l ) ©PbTT 
SBfe^^fi^Mj^^ C -rCre U =3 > - -tfitfei^^ ^t;^!^'^ ^ -PBS185 
(BRL) * (m«£6?iJ52) cD:^S{C'(i;fel>±ietD|5fc--a^ A L (mS«^iJ52) i[Hl^i 

{zt#^>n€. t°^-a -> > (0. 75// g/ml) l^^t^^ (6** ) ^ 35mni ■> - b =r 
> 7 ;U-i > h /a S ^ Tt^M $ -t±^ ^<7)3/5^0. 5inl(Z)^#fflt$iti! (ESiSftfi + l 
0%DMSO<-> ^•^>) izmmt. -BO'Ctz.xm'^^^^LtZo ^<9 0 2/5«2^LT 
12:K y ^ y - h-^u - h2'^i;Hcf#|lL. — (i il ±S tt!l s -:^{i300 
g/ml®G418??^3ETT?2H Ps^tg^ L /Co ^^^ISm. G418#<i TT^Ei^ f ^ 5^*CD 
t°^-o v-Y •> G418SStttt^f#/-Co 

{C J: m 't' t h 6iCi* /c iI^ilCD±# 

(mmmA2. u) CTFL/ct h2§^fe(*ifrK- (Jii^tw23iT>T-) ^^nt^^ 

y^v^X^f^ (iiimPKchimera x MCH)) ® it^cS^^^M ti. TT2FlB8a (IISS^iJ 
39) *^cDCBAvl7 xl^^Ra'C57BL/6-7 X2^IS> ^ L T + / ^ 7, <!: <D 3^ 
lEfcffi ^,^/•c^^CH(ICR) V ^ X ^^CD?1^ L /-c 4>cDi?^ ^ o ^ ^ /-f Jj IS) K /S it 6^] 
^^m® ^> <!: i:-W23iffK-®^Sij^||^^ ^ t -T MCH ( I CR) i ® M L3SiH^^^• -:> 

fzo FKchimera x MCH) ^EM^zm^tzmm. itt6E^i$ffi) x MCH ( I CR) ® ^ 

nfc^ -7 X {CO g (mMi?"j43) (Dyjmizvt-^ -c . ^mm^i^n-^ 

mmttzo ^(D|£mti$ld&-e8% (324E4^25E;:)<+° ^ y) , m'4^^'C22% 
(148E4^32E^^<+° vf- 7') (D^f;^{cW23i)T>T-*M5il-r ^ C i ;ti<6ilS ^ ti/Co 
C C Tff 'infzF2(Fl X MCH) ( l£ S fC ig^ /i'MSE . iHIBE^^f^ffl) ^^-^tcMC 
H(ICR) i 5ciS L fcP^C0|Eii'^«ti$l*9% ( 346E 4^ 30E v= ^ 7) . fttll* 

'2«T20M'^48E";5<^°^""T-"T^7'r^<rF"n 

tiT^ofCo C <7)5cie{C J; i9 F3(F2 x UZh) f}< ^ ^ tl tz o 
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4il^~l2i§^cD4-y 7-7't7X (11434^ : chimera^ 411 f*) s F I (chimera x 
MCH) (IQiif*) > F2(F1 X MCH) (39(if*) . F3(F2 x MCH) (33flif*) (Coi^T 
(^56^iJ44) i [5]^$(^;^S(c J: 'o \km^ t h i^tt* /c llai^^SiJ^ L /cli^^[143 
{CTKfo W23irK-^f*J#-r §i^Tco(if*cDiflijt*{c t h {Jl f* /c il !±i $ n o 
— F2(F1 X i\lCH)RC>F3(F2 x MCH) fC IMT a; ||-^iJgCD o i i < ^j: 
(9^ ^ ® ^i^lI;6<chimeraRa'Fl(chiinera x MCH) i ibiji L T T L „ 

MCH(ICR)Ji(^I^CD3^l3tc!: ©^iSOSJg^p'K^ MCH (ICR) i ©521211 ^Irf^ 

ffl L tj® i [5] l: F2(F1 X MCH){ii*^C57BL/6N iB^ 9 \y T X ^ K) ^mt^ 
MLtZo ^(D^^m^tltzSm&T^^Mnt (F3(F2 x C57BL/6)) <D2m 

mera x MCH) i l5]^^i: /c il-^S^^ L (1143) = mi^LtiMK). F3(F2 x 
MCH) t F3(F2 x C57BL/6)(1^ o rc < [si L;F2(F1 x MCH)fi{*i$<^?I i d i 7!)^ ^ 

}iMCH(ICR)=t tiC5TBL/6®iSe6^W^7&<i: «9 H-^ C i: ;:><B^7:)^i 
o /Co [5] 1i ^i: ^ ®^ s C3H Wemm (B*^L/T<j:D^A) ®itl5 6<jW*fcC5 
7BL/6i: |H)^;^^^nJ^±{c t b t/ii^ k mco^m^fl^iRicmt L Z t hfjk^ tl 

fZo 

himera X MCH)I1{*CD 9 •^2F-1 (Ittl-/t'+' /c IliiS : 84ing/l) . lF-3 (Jfll?t4' /cll 

•^jg : i3mg/i) (DKm^^'m'i^^mmRif^mmmn^^mmLtz^m-^^i^-^i- > 

y ;U{Co i^TFISHj!?1?f (Tomizuka'i. Nature Genetics, 16. 133-143) ^fT<^^. 
m^Lfz^m^m^co 0 ^ t h^fet*!NFSfi^^o--7"i/N^ T- iJ y-f Xf-^VV23 

(cfc«t^W23iDT>T-<Z){§t#':|i^7FLTi^^i%x. i^jft^o ^(D'^m. 2F-l{cfcL^T 
ti^li^lffllS : 51%s #flfflJ}S : 34%. 1F-3{C*D l^T^i^li#lBli& : 23!^s #11 
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^^(DiMB^^^^mitz - L fz2mm^f^m n If X- u < ftii ® ^ & f* ifr k- c^i^ti' 

SC20ifr)t) ^{*itL. t h Kf^Sil^ltoyfct^tc^il-r^Fl (chimera x ummm 
{$n7-7i MCH(ICR)&0"^'C57BL/6ci: O^SSS^ fT fZo f# n/c^f;j^(D 9 *>SC20iiT 
in^f^^-r ^F2(F1 X MCH) : 2fii*. F2(F1 x C57BL/6) : 2(@ o ^ T l(E 4^ 

;UC:jo{t^SC20Sffn-(^f#i?^W23iT)t<©Jt^ifHl^i{cail^LfCo ^cdIS^^ F2(F 
1 X MCH)0 .ii il-^i^ : U.Omg/l. l.lmg/ U ^fe{*fSt#^ : 74%. 54%(3 J=J L T F2 
(Fl X C57BL/6)Oii^ h h .uilziig : 47ing/l. 54mg/U ^fei^^Jfl? : 84Ji;. 88% 
-e^'9s t K^iiilJK. Sfefe^*:^*^t'^^t{cF2(Fl X C57BL/6)<ii*:<Z);5r;&<i^i-Wl<& 

h -y ^ J^^iT%±i7\ ICR ( B b Tit) £iilt|v '^X03^iE(CJ:i9W 

lt314fli<D/± AE^f^lii L 51E® v ^ X ;:)<|ji^ L fCo 4-y5fIl(*{S. 
^fe(cfe^.^T?i3&E (ICR) afe(D4^ CTT2af}Si^(Di?^fe (ig^) 

m>!!> t' O ^^iZ ^ ^ tl^ o L /C51E(7D ^ -t, ^ ^, {- ^ 
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^ bIe .5 V, 

ESIfflSaS^CD^?;^^<li^f ^;6^^t^l^ L C © 5Sge (c :fe r ICRIi v 7 x (7 
«^^feT^)^i?^ife^^Lf-o -tli^)(D^v'^xcDJ^Mi:Ollili^L/-c';f'yADNA 

v-^- ymm(D'^^in.i^ KMxm'i-^'^ tmm^tifzmi:^ cm^^i. 6. u, 22, 24. 
25. 26) iztsi^Tit iim(Dmj^^<iK3 < M(pL cm^ Lxi^ ^ k m^tn$^^^ t 

t-izn^^tltztHi^Kmy y ^T^ h ^ ^ xcDmm'^m (Yong-Rui Zou-i, EM 
BO J. 12. 811-820 (1993)) >-SLTl^^o 



(^J£f?'181) t h 22S^fe(*±{C t h T- P y Ti£?i)^JfAT ^CD ^ - y T- -i 

> r < ^ ^ -(Di'^m 

|5]|ifi^^^^(cj:i9 t hxn y Tie^il^Jf AL. ilrn-fl: (J. E. 1 1 zhak i ^ . .Na tu 
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leGenel.. 2. 283-287, 1992) -t h Z. t ^U.^ f-. o IgAitta^co 
m&i^ ( T- □ y Tpl) tcT^iSt-^LIFitGi^^tc t h 7=- a y T ^ W Kt ^ fz 

t h f- P y TSfi^iJ (i. J. J. Harr ington ^> ( Nature Genet., 15. 345-355. 1 
997) iZti^-^T. PCRiZ J: '0 -bf^l tzo PCRB.^ ^ 7 ti' a - x Y Jim.%i^W} iz 
JiOmmt^ DN.A blunting Kit CSSit) ^ m T W-m it L fz o Z(DW-mit?CR 
ig^^^pBiuescript SK II (r) (^^$,1?^) CDEco RVSfifC ^ ^ - •> g > ( DNA L i 
gat ion Kit. ^Sit) iz X '0 W A L tz ( pBS-TEL) o C CD 7" 7 ;^ i KpBS-TELCD 
•> - ^ :x.y x^n r> tzm^s Hin dill - (TTAGGG)n - Eco RI (Dy5\^'CW ti 

(XiZ^ t@[5]|&<^^x. fcffl ^ h S 22ll^fei*±©LlFitfe^^Ii|?^JilT<7D J: ^ 
(CLT^ PCRl^iiiliS L . y^Xi KpBS-TEL{; ^ n - ^ > i?' L /-Co PCRCfflUfc 

Hr>xy5-r-7 - ; 5' -TCGAACTAGTAGGAGAAGTGAACTTGAGGAGGC-3' (ie?iJ#-^65) 
T>^-tr>;^y7^v - ; 5' -TCGAACTAGTGATTCAGTGATGCTGTGCAGG-3' (iE^iJ§^66) 

PCRSC/S0|I^tis 10 X LA PGR buffer II (Mg'' f ree) (mSit)5 ^I s 
25mM MgCh 5 u I . dNTPmixture(2. 5mM each) (^Sit) 8 1 , -ir > 7. 7° ^ -f 
v-lOpiDol. T > f^-t > X -7° V -7 - lOpmol, X > 7" U - h DNA (HFLL b ^fOft 
.^^i^afiayVA) lOOng, LA Taq (5u/x/l) (^Siit) 0. 5 1 c"- . MS^^7K 

L TrirSSOxi If:: L /Co .KfSi^Ollil^ {i±T7K±-C rr l^ . ^ i6 85°C -ir -y > 
LT«> ^ - ^ /b-tf -f 7 - (PGR system 9600, ^< - ^ > :^ jl^ -} © 7 ^ ;K3 
i^Jof^ ^ - y^-t? -y hLfc, 94°CT155-t]D#?i^. 98°C. 10?:l>> 65°C. 5^01^^ 
^7 ;u^35[siiT o rco PCRM^^T:^-n-;^y;ummi*i!j(Cj: (9 ffii^ L. Spe !T 
^irL ( y 5 -r V -c^tcSpe I g(3{i;&<#^£) s pBS-TEL^DSpe I ^{4{c#aL/Co 
LIFit{s^^<75:^(S]7!>< t h 7^ Q y TiE^iJ (TTAGGG) ntC LTi56:^lS]{Z#A$nTl> 
6 tjCD^iltPv L /i (M. Giovannini Cytogenet Cell Genet 64. 240-244. 19 
93) [pBS-TEL/LIF] o 

Biochem. Biophys. Res. Comm.. 213. 130-137. 1995) ^Eco R I T tJ] Bfr , 
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^^^^ 

^rt ft L s Not I 'J > ^ -^tf A L tzo Not 1 tDlirtc X lO t° ^ ~ a -7 ^ •> >m\± 
i&B^"^^^ ih L . pBS-TEL/LIF(7:)NoL 1 ^f4fCjfAL/Co t" ^ - n v-T •> > » 
f4mfei^<7)$E¥:^fS]*^■LIFlie^(7)^^S]c!:[5] U t^cD^aiiR ( pBS-TEL/L 1 FPu 

1-0. 045) o zcD-f^T.i v it±mmdW5^m^''cmmL s qiagen^^^a 

n •> ) (C cfc 0 Iff ^ L > h 5 > X 7 X ^ •> 3 > {C ffl l^ /; (iktl) o 

G418BttitlEi^-e > n/c t h22#^fei*^W-ri>v ^ xA9lfflSS (s 

if "i. Nature Genet. 16. 133-143. 1997. ]i(TA9/#22neo i: Et" ) cD±g«H. 
10%^ ^^^MlfQ/S (J^TFBS-eie-T) (!:G418 (800 //g/ml) ^ Un L ^' -y 

- ^'J^^i& (£(TDMEMi le^) if'TfTofCo h U DT40lffl SS ® t^s Ji . 10 
% FES. 1?^- 7 h 'J Jfll«> IQ-'M 2-/ jUti 7' h y -Jl^miB L/cDMEM4^-e^T 

■o tz o 

i a ^ ji^ {ii^jT o ^ 0 iz L X mtz mm It. /t 7K b . mmx^^^ > k r -y ^ . 

^±?±. P12T-) o A9/t22neolfflSS^ 12*025cm'iI'L^ffl 7 ^ X 3 (n-xr?-. 
3025) (CT. lE9S^J^;:)<90,'^tafOfIJ^^ -c-i^S L/Co =i;l--tri K (0.07 mg/ml. 
T-'y i:;b-> >. iD^felifeM) ^i^SD L fct^ttfi (DMEM r 20JiFBS ) (C32^L> ^ 
2. 5-3aWig«L. I ^ n-^Jli:Bf^^-^tZo ±§«?^^^iL. ^ i637°C T f^zS 

r ^ 5 •> >B (10 X/ g/ml. -> ^-7) /§?K^it'Dffi 7 5 X L. 
34°C. SOOOrpm. 1 B#fB1cDit>D^^T o fc, i ^ n -b ^ DMEMtc L > 7 ^ ;U ^ 
- ^mizj^ ^mULtZo mW^. ISOOrprnT 1 0 5^Fa1it-DL. DMEM5ml {C Sg?g L 
fZo 2 X lO'ji® DT40^ 1000rpm, 5 5^rBl;i/L^ L . DMEMT 2 [nlyifcT^ L , DMEMSml 
^zmmLfZo Sig. i ^ D-tr;U^ 1500rpinT- 1 O^^fBlitoL. ± /f ^ 1^ -f" {C . 

DT40.sK?S?ig5inl^fl*^{cfiji L fco 1300rpni. 5 5>rBli^it'D^> ±^^1^.41. 
PHA-P (100 x^g/rnl > ^-7:3) 2inl (C L . 37°C > y ^ 

^Z\^^^f^^m.LfZo nOOrpm. 7 5> Pal it ^C^ L . ±rS^r^^.4L, iGBBSi^ ^ ^ y t° > ^ 
-e (i <■• L tZo PEG 1500 ( +° iJ > r 'J =J - K- ij > ^•■-) 1 111 1 ^ 1^ 

^n^. \%WLfiti< ^\.^-29tmm^LfZo MSm> DMEMlml^^^ 1 ^PalTl^WtTSn 

$ DMEM3ml^ni^ 2 5tFB1;!)^^tT^□;i . ^ DMEM^ S L T 1 Im Itc L . 
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mWLflo MzST- I 0 5^raT^S L /c 1300rpm. 5 5>FB^it'i:^ L . ±?t^^.*LT 

±Eii^mmiom[izmm L . gcsioomin-r ^ '> ^ ^ -c-2mr^mm L fz o 2mmWi. 

C418 ( Irag/ml) ^ ^.»0 L rcl^lt!l C L > 2i/\-f b-h ((i^'^-^^'f h) 3 

( 1 ) pcm^)T 

iltRt^-SOTSm. T>ti 3 0 (lcoG418»t:i ^ □ - yi)<n^tifZo ZtiC:>o^ ^ a - y 
Puregene DNA Isolation Kit (Centra Systemt±) ?r ffl i-^ T y 7 A DNA^ ffl 
fcBL> cn^i^MfcLTthlgA atfe^lt^fi^:/^ v - ^ ffl ^,^ PCR^ ff 9 C 

5' -GAGAGTTGCAGAAGGGGTGACT-3* (§e?iJS^67) 
5' -GGAGACCACCAAACCCTCCAAA-3' (a5?iJ#-^68) 

PCRSJSDi^gcDHiScfi. 10 X Ex Taq buffer (SSit) 5 ^^1. dNTPmixture (2. 5 
miVl each) (^ilit) 8 1, & ^ ^ ^ - lOpmo 1 , y" 7 A DNAlOOng, Ex Taq (5u/ 

I) C^yiit) 0.5 u \ i^B^g7j<^S LT±ft50 uX^^Ltzo KJit^m 
(DmWlii -kX 7ii ±-^- rf . =f>^ 85°C (c-t'y l-LTS>^^-v;b-*f^i^5 - (PGR 
system 9600. y< - ^ y Ji. )l ^ -) CD ^ i ;U {c S JSC - -t -y h L /Co 94°CT- 
1 5^ 5n ^J: . gar, 10f>. 56°C. 30tl>^ 72°C. 30f>0D1f ^ ;U^35[Hln^ o /Co C 
^D^:^. b H Ig A itfe^^^WI- ^ □ - >*<2<i|5l^$ n/Co CCD2i^o->{Z 
5^LT. t h 22#^fe($±®^M-7 -77 - (D22S315, D22S280. D22S283. D22S2 
74. Polymorphic STS Primer Pair. BIOSfeL. J. E. Co 1 1 i ns . Nature 377 sup 
Pl:367, 1995) ^ PCR(Z J: T ^ tB L /c (1146) o PCRO^^tit hIgA 

^nt^t^-^fzCt^TY^-to ^{RiUi^lIie^JifilllCS-cj- < g-v - 7^ -©22§^fe{*± 

~x~TTT\i>mwm 

±iE2^ >4^cD52-18(Ci^ LT. ^P^ic t h 22#^fet$7:)<$aiflacf'T cfc 
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■ir-'yay^^ljitit'om^mi'^itmm^ (Nature Genet. 16. 133-143. 1997 
) -fa-yitt t^COT-I DNA (n-^-^ >m^) ^ffll^/Co 20;i^i^>30 

5: L T#ffi L Tl^ 'g. C <h 7i<StiST' i ([150) = C ^ ^ o T ^ cD ;!)< t h 22 

Jai ± ® ^? tir ^ J: ^9 ^ h U DT40ffl3S1*52-18 (ii(TDT40/S22neoci: lE^) tit 
h 22#^fei*® (iJf^g^W^a i*iJiTL/-Co 

(^SS0^J83) h iJ DT40lfflS!l4'T® t h 22#^fe(^:0!ftM6<}ffiT>T-^b 

(^JS^'J82) -el#fcDT40/if22neo{c?j LT. (^Sfe^JSl) rf^MLfc^^x^ 
KpBS-TEL/LIFPuro^ h-7>X7i::^V3>L. 22S ^ fei* ^ L I Fit iii^M 

DT40/#22neolfflflSoi$S(ix G418 (Lmg/ml) ^-^.JoL/c (lli5SeFiJ82) i [s] ^ 
^Tnro/-Co 10'lic^lESS^?^PBSTl[ll?3t-/^ L . 0. SmiOPBSCS^-® L > 7K± 
(cBl^/Co Eco UXmiititLtzpUS-m/l\??uro 25-30 Iffl C ;i . 

7K4^-ri053-rHl#l L 4^ i -y h ^ - >^°;U^f - ('<^:t7-yK) JC -tr -y h 
L. 550V. 25 4^F CO ^i^^^-MEWm L fz , 7K^-e 105>Fa1llfi^^ i^m (fuie) * 
^^/■c75cm'i^S7 ^ X n ClfflgS^^ L > Zmmi^mttZo 24BtrBm^ G418 
(Irag/ml) i •> XO.Sx/g/ml. •>^'v) ^-^Sn L /c i^JIfi L . 

mmttzo 

( 1 ) PCR)!?tlf 

A^ntzm\5\m^^:ii^^mmLfzo ■^^^-^-(D—yj^K^^-izit^tnfs. 

- a ^ ^ ym^±mB^^iZt^$-f Ltz ([l47)o ^ ^ ^ v - cDiB^ij HiilTO J: ^ 
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Puro. I; 5" -GAGCTGCAACAACTCTTCCTCACG-3' (iS?iJ#^69) 
LlFl; 5" -ATGACTCTAAGGCAGGAACATCTGTACC-3' (iS^iJl^^TO) 

PGR Kft^miDmf^ii. 10 X LA PGR buffer II (Mg^ ' free) (^Sit) 5 u i. 

25inM MgCl-. 5 1 . dNTPmixture(2. 5mM each) C^Sit) 8 x/l.&T'^^v- 
lOpmol. 7^>7°L/-hDNA lOOng. LA Taq (5u/^l) (Sdit) 0. 5 // 1 MS 

hLr^)^^t-v;HfY^^ - (PGR system 9600. /<-4^>x.;Uv-) co-^ 
^UCSJfCf- ^ - V hLfZo 94°CT-15^Sn.^'^> 98°C. 10#s 65°C . 105^ 

Olr < ^ ;U^35l£!fTo ;^Co i fi^ <75 1§ [ija^^ ^ f* C r © <^ . [21 4 7 }C tj^ L 1^ 
^die. 3kb® PCRMi^*<^H:i ^ n -5 (ifC^ ^ o PCR(DM^> 8^'o->{cfeL^T 

#^fef*±0]it{S^ (Ig A . LIF. MB. 1L2RB. CYP2D6. DIAL ECGFl. ARSA. J. E. 
Collinsb, Nature 377 suppi:367, 1995) Rlf^M-^ - ti - (D22S315. D22S2 
75, D22S280, D22S281, D22S277. D22S278. D22S283. D22S272, D22S282, D22S2 
74, J.E.Collins^^ Nature 377 suppi:367, 1995) CD ?^ i£ ^ PCRT t# tti f -5 C 

m^'tz^^ -< v - ie ^ij ® — gf5 (1 T =fc t-*-2,o ^^^^ -e-ie^ijfci^ 

LXi.tmW.^ (Nature Genet. 16. 133-143. 1997) l> t> [5] C T ab ^ o 
CYP2D6 

-tvxy^'l'v - ; 5' -CTGCGTGTGTAATCGTGTCC-3' (iS^iJ#-^71) 
T>^-tr>Z^5-l'-<' - ; 5' -TCTGCTGTGAGTGAACCTGC-3' (iB^fJ #-l-72) 
ECGFl 

^"^^^■^7^^7^^5"'^AG(rA"aG-CAtaTGG7\1'A-A-Gi:---^ 

T>f--b>x-/5-l'7 - ; 5* -TCACTCTGACCCACCATACAGC-3' (SB^i] #^74) 
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PCR^ew<gcD|fl/3c<i. 10 )( Ex Taq buffer (^Sig) 5 ^1, dNTPinixtui e(2. 5 
mM each) Sit ) 8 /z 1 . § 5 Y v - lOpmo 1 . yyADNAlOOng. Ex Taq (5u/ 
u\) (SSit) 0.5 u\ ^ioffl^^S7j<^J5LT^fi50^ licL^c. SJfD^]$(D 
I^S:i(S^T7j<±-^ff i^*:)85°C{cir y 1^ L T ^ ^ -9- - 7 ;b ^ ^ ^ _ (PCR sy 
stem 9600. >i;U-7-) (D a. ;Hc ^ Jt. 7^ ^ - y -ir .y ^ l/Co 94^1^1 
^mmk. 98°C, 10fj.^ 56°C ( CYP2D6iECGFl(j:65r) . 30&\ 72^. m}>0 
■y-i- ^;b^35[E!nrofco IS ^ ^ ll^tS {c L o O. x o^lE {IfJjie i [5] L T c 
CCD(iI;:>^.^>H^li75^nj:=t -9 (C. ^p-> 67. 68. 328. 343{Col^T. th^D^T 
ie?'j;i)<liA$nTU^LIFiifei^MJ: ^ i^n y T fUJ O^Sfe^R - ^ - rt^T 

( 2 ) FISHM^;? 

ft{iluie>|5]^T^.«9> T-D-y^h hcOTl DNA ( n - ^- ; >^|g|) ^ ^ . 
KpGKFuro (FITC^Ig) ^ffll^/c, COTl^feiCj;^, (5{fil:5ot h22S^fe 
f*^^#oDT40/S22neoiJ:hl3i LTiff>^jkLTl^<5;i^7{;<?I:t&tJ{c4^ljiffT•i 60 ^/c. 

S3fe<D->^-^;I.^22§^&f*ilf>^©^ny T -5^ (CIS a6 § C i i -5 -f-C ^, 
^mo-^^H49{c^L/c. ^TO^ n-xcfei^T. 20*^ ^ 30© 5t ^^^^ 
II^L/c|g^. < C i iCffil5l|i<?.^^^||:8^ p- >t7)^r {C:fon^r. Pur 

Wit ;:»<il^$ti/-c, ±ie<DPCRMWcD|§^., i^fr•^[:;i<^e^Tl^/=i:l^<hfi 

^$n/c^'n-> (64. 212. 222. 305) CKLT{i. O t h 22#^fe 

^-X±(D%%m^^'0 . MJ DT40/g22 neolfflflSJCfeUT. L [ Fit fe^ ^ {c t h t- 

T I ^ ^ C i 5> o o 
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inmm%i-vz)) n/- 4^ y ^ -^^ xclhi3-t (tt2fes^ d - >lhi3S 

^ y ^ '^50?O Ci^ L t f> TNF- a ic J: ^ fejg^ ff < 7' U K- V ^^^-^ 
giLfCo PBSfC-^a? L t hTumor Necrosis Factor-a ( TNF- a ^ PEPRO TECH 

EC LTD.. 300-OlA) tT'J ^^<y h (MPLITDM Emulsion, RIBI Immunochem Re 
seach Inc.. R-TOO) > ^ S ^ L T 0. 025mg/ml OD TNF- a /^/^ ^ lli^ L . ^CDO. 

^^S0 2xirB^t^(CPBS{C/§)|? L tzQ. 025mg/inlCDTNF- a ^0. 2ml^jg L /c o gf^fe 
ScD3BM}c. 4- y 7 V 't? X O-H^IX i9 dJ L . (^5S^J24) {c (i£ In PEGJC r 
-IfflSSSj^L. 7- 'J K- ^ ^{•^i^ L fco fii^^cDlfflS^^. 0^lEBJlS^;!?<257Jli/m 
li 9 . lrag/ml®G418. 2%4^8^!,tini7t. HCF ( T • 7- ^ ^ > ) 5%^ 

■/^flD L /ziSitil -X • ^o->^n-j^>yyT-'i - ACM-B) fC^f^ 

L. Swel IClOOx/ lfo967v7' U- h 5tz£ Li^S L /-Co 14B g (c {l$tj40% 
Owel 1(3 3 n.rL-;&<:^ U f-o i#S±/t^ (^Mfi?'Jl4) I, ^ EL I SA'* J; o T 15? 
tirL. t h 5t:{*^^/W r 'J K - -7 O X ^7 ij > ^ TNF-a^^^ 

(->r^. C-3041) TO. g/mlC^plP. Lge/vT" U - h (NUNC. 442404) 
50 1 T o ^t ii L 13 - T- ^ > ^7"" L /-c o f 7j- 7^ > -If IStJt t h fej^ i?' □ 7- 'J > A 01 
iJti* (Vector. BA-307G) >ABC+-y h (Vector. PK4000) ^ffli-^TTMBZ (DAKO. 
S1599) Jc J; <9 tti L /c o Pit4>r^.a?.cD$^2{^]a±ODS^g;^ g^(c LT^iJ^ L/co 
m^^'y ^Jl<Dmmi:9Q/\y ly - h tz^ L. IMDM{Cimg/mlcDG418ci: iOriFBS d: ^ ?4S;ju 

i^TO. 5 u g/mlizf^m. L 96:^7' U - h {c 50 1 "f o 5^ Z± L =? - 7^ ^ > ^ LfZo ^ 

4=- V y- -tf".}ilSiiJL t h feS n 7' U > iltJtf*: (Biosorce. AHI0604) ^ffl 
l^TTMBZtCj; O^tli L f c o PittJ^.BSCD^^2f^jil±<7)P^^7tJg^ g L T$i)^ L . 

fR/i c ^ D - jiL > ^' L , TNF- a (C =S ^ L t h I g a( cb 1 g A b h l^f*^ 
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-r 6 ^ w 7' >j K - V ^ f# /c o 

C 2 ) t;tTNF-a t h IgMt^t ^<^|5?f# 

(nmm61-(3)) ri^^m^ntz^/ ^ vr> xCLH13-13 (TT2FES^^ d- >LH13S 
^ / ^m50%) iziilr . t MNF-a {c J; -5 ^i[5;^nr^,^/^ ^ 7- ij 
^LfCo PBS«C/g)|? L t hTumor Necrosis Factor-a ( TNF-a. PEPRO TECH 
EC LTD.. 300-OlA) tTi>s.^<> h (MPLrTDM Emulsion. RIBI Immunochem Re 
seach Inc.) i ^/I^ L TO. 025ing/inl® m-amm^mmL. ^(D0.2m\^m. 

F-a ^feg Lfco mmmmi. mm^c:>mM-a t higr mm^ (mmmu) iz 

f^£l^ELIS.A;4T.t^tb L^co US 0 iz^.t ^ i izm- a izi^t 6 t hlg7in.itm^< 

4) {c^^el^PEG{ZTlffllSi^^L. /n^t'-j ^---7 ^i^mitzo 

OfflfS^;i)<25^fi/inli ^ J; -5 . ling/inlOG418. 2%4:a^lSifli;t . HCF(iT 

' 0 y) 5 %^i^jD L tzi^i^ (E.±mm. • ^ n - > o-^ > t=- 

^-ACM-B) iz^mt. ^\nl\iZoOu It-^QQX^ - b^-/3ELi%mLtZo 

i4sg{c{ii^6o?-^oweiiJZDD.zi-^<^i:/io i^m±m^ (mmmM) jcf^i.EL 

>^-L/-Co + vy--tf-^il^tjtt hfeS^-DT'U >r$ItJti* (v^'v. A-01 

70) ^ffit^TTMBZ{zJ;«9^tB L/Co Pitt>rlBS®^2{$£l±®P^^^^ g L T 
*i|^LfCo lltt'^7^;KDliSS^96:^-/U- nz^L. IMDMfclO^FBSilmg/mlco G 
418i^■^flDL;^c^$it!2^ffi^.^ri§«L/Co ±§«±^*^ELISAT^?|/? L fz^ TNF- 

i y^'Ltz. ^Jl:t^yy--^-mmtn.t h^^Var') > xm^Ki^ (Southern B 
iotechnology Associates Inc.. 2070-05) ^ffl i-^ TTMBZic J: 0 litti L /Co Pitt 
^m(DI(^2^i:d±CDn&ytm^E^izLrmmL. 211^7) r^xyUTh Mgr ilgA 
^t#-3^^t 1^ ta 14^ <7D fit IS $ tl o 
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^ / 7 :^ {C feH^TTNF- a t5Lll0i)f|!KC>:=t L tJiHt^Sa^] t h Ig r taf^fffi 
± # c -5) c c fit IS ^ n fc o = c -ti o 4^ 5 v 't? x t)^ TNF - a # ^ 6^ 
4i: ^ ^ c K m {* I gM^) o I Ms: I gC ^ ^ ^ T ^ N yj K - V n ^ C i 5i 

IS $ n f-^ c 

( 3 ) Mil^.lECt^TS in h IgMfcif*® I5?f# 

(ll5£(?'j6T-(3)) T f^Sli ^ nfc + ;^ ^ ? t7 XCLH13-iO (TT2FES^ o - > LH13* 
4- y ^ jpeOJO J:<7CLH13-18 (TT2FES::' p- >LH13ft5^. ^^^-^30%) 
L T . i1 y r "J 7f ■> K C J; ^ ^ <f o /-c o T V i ^< > h (MPLtTDM Emu 1 s i 
on. RIBl Immunochem Reseach Inc. v R-700) ^2inlcZ):7aorr:;UA • y^J' J — 
}l (2:1) (c ;^ ^? L o ^ <^ ^ -ti ^' tilm 1 . 1 ra 1 ® n a twU A • y y — ;u 
(2:1) JCi^^? L rclmgcDGM2 (->i:7--v. G8397) cb it Img ©ASIALD-GMl 
(ISOSEP AB. 65/12) t m^LtZo ^ 7- X M 7 ^ Z u (c^ L . a rJ' >J 

- ji/<i-t u - ^ iZX^m^ -ittz^ PBS^^nenimli^Sn L /-ct^Vortex $ + - 

*-^«S^L. ^00. 2ml^Sii3[H]4^ y 7 -7 7 xCLH13-18(C(5:flfi)l^{c, ^y^ 
^ XCLHlS-lOtcji^Tic^n^n^S Lfco »ii}j^lfilLs ELISA^ (HJfeMl 
4) o:>y5mizijtr>Xn^'. iA;i*fi©±#^5SIS L /_ = ^" > U ^ -> KGM2* ^ 
isASIALO-GMl^i ^ y LT6//g/ml> L. 50^ If-'oELlSAT" b - h 

^ y - jKD^^y' ly - h iz-mm Lii^mt Ltzo 2%^=^mmT jiy = > cbsa. :t 

U > ^ ;bgf#) ^-^^JO L /cPBS^200 xz l/weir^^D L mz^TrSBtpB^ 7- p -i=- > 
^'Lfco /Jfe m 4 ?-6 4^ 3^ 1,^ m /ff (FBS) ^-^Jn L /iPBST. 100f§ ^IR L 4- 
y 5 ^ ^ XM/f ^50xi l/weir^/JD L4'CT-B^^jjM L re, i^?^'^0. IXBSA-^.flDCO 
PBSTf^lP. L /i^/U;t 4^ ■> t hlgMtnli* ( Biosorce. AHI0604) 

"^dOu \/vie\\i^.-huL3m?^My^XljXM.LtZo TM'^ mm L 156^ Km ^ it fzi^. IN 
<^ fiift g§ ^ i^. L T S: 5C ^ it $ -tl- /-c , 450nni{C:te(t -S) RS^Jg^S'lS L ^ J^MiL 

<75t;LT>TPGMlthIg//(7)^m^ll5 li^. ^ / ^ ■<"y X CLH 13- lOllE ^ "4^ <73 fa 
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GM2 1 h I g ,u (7) I* ^ ^ d 5 2 {c ^ n n ^ -r o a ^ ^ cfc 9 . > r 'j ^t- •> k 
tut^-is>. y^^m(^t htjo^^m^'r / ^ ■<' ^ xizi5\.^xmmtn.mi^^^ ^ fejsit^ 

¥ /^^' 5S IS ^ tltzo 

C (Z> J: 9 {C L Ttf b tll> > i?"" U ^ •> KGM2^> -S l^ HAS I ALO-GMUC ^J^f ^ h h 
f*{iHIV® -/^^^ y 7 y - V /a cb-(D7^- Wffl t tL^ o 

( B ) 

(ilS£{?'j73){c^F$ n/c:^ -ST- fp^$ n/crsc20i)T It f^t#. mil^ffi*^® s 
73) (ctj^ $ n/c:^?i-ej^eJc$ nfc rw23iTK-f^j#. mai^m^ s ii^^ d . 

SC20ifr)T-^{^Jt L . W23iTM- ^ «Jt L . fiilXfl o T -1-^ ^ T c> 

Tc/KO) ;;><f4 "iti^ c > 7:>^^'f# ^ n^o 

(1) •> > ^'^UTc/KOvt? X 

) ~ (D) ©Ptlf ^(T^-^. ©^{4®<?»-^?S^c-r (W23llT>t^{SJt-ti:f\ 

/c ^fi{coi>-C{i^xn^aiWiS?^S!T-^^) <ii* ( •> > ;Hc/KO) 

t 1^ filicofJi ^ {c J: o Tie J; «9 B 'J > ^ ^ o ^ fz. ifil 4^ (Z) fct 5^ ^ 

(iy^a55^;5<t vmtk^^ts t^^^n^o 

(A)SC20ifT>T-f*t#^tt® &<ii* ct 0 ilH^ L/cDNA(Coi->T(^Jfe{?iJ68-(4 
)) i [5)^ini:^y£TPCR)^?f)f ^fT o fco mm Lfzy-^ ^ -? - {tSZim^^n^U 
D14S543T'^ §o 
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^ rf ^ 7^1 o 

(C) \mm)^(^n^kPt(Dtzi6. «9 1^^ L /cDNA^cot^T(^^S^?|Jl)i 

[5]t$ PC rf ^ tzo i^m Lfzy^ ^ v - {iW23iTK-#mfl<] D2S1331 

(Tomizuka'^, Nature Gene t i cs. 1997. IIj 12 ) T S> -5 o 

rr tzo 

C n >p cDPfif (C J; <0 189E4320E:ei< -> > ^ ybTc/KOf® ® ^ i $ ti/Co 
-> > ^-^UTc/KOflf^HKSS (5r >^ ^) J: <9 50 ^ 1 ©ifil?^ ^ J^IK L . ;^gK^±® 
T'c i6 2 lOO. 5M EDTA (pH. 8.0) ^jUD^/Co C © IM?^ 1f > 7° ;l/ ^ ]lt ^ a. 
- 7- {z 1^ L /-c <t > 400xi IOi^®7K^3!JD<t. 30l:J>mc $ {ciO%4^g^!,Slfll/t (FC 
S)^^t;2x ii;gcDPBS^^n;i. SEROMATIC-2 (KA2200. ^ ^ ^U) CTit 
'DLfCo it'D1^±il^^xi . 'b•r;i^{C^o /■cr.^fCilt^^ig^ LStaining Medium 
(SM: ImM EDTA. 5% FCS. 0. 05S; Ti^iti- h U -^A^^t^RBS) ^JD^TI?;^]^ 

CDFc-block (PharMingen. 01241A. ant i -mouse CD32/CD16) ^ tJO ;t T 1 B# fel 7K ± 
Ts^mLfzo mPalliiim. e {CPB#^ $ ti Ac ant i -mouse CD45R/B220 (Phar 
Mingen. 01125A) RO'FITCtim $ n /cant i -human IgMCPharmingen. 08C74D) ^g- 

lux-^-om^s ^izmm^m.Lfzo ^fe^nz-cusa^ccom. sm{cj:«9M 

IE© J; ^ C2lE]-<^7^ L > g|^6<J(C200;u KDSMCIg-S L T^tfimW^fflSS^fetf 
>:^7bch Lt^Co :7 D--y-^ h y h U -{ZX ■€> S?^fr «FACS- vantage (Becton Dicki 
nsontti;i) ^{^fflLTfiroAco ^©IS^^ (1153) (CTj^-To ^ X {a tzt^ fi li « 
(KO)(ii* (H^^AH/AH) Cfcl^T{iB220ilttlfflflST^<i:^-bB U >'°£$*<^:ffi 
L^d:i-^7:><. > r ;Hc/KOflii* (lil45AH/AH. SC20) {Cfcl^T<iB220. t h 

m im^\\u') cDisi#*<^ttcDB 'J >^°i$cDiffl^aa£^??^E;&<6iis$ n/co t-^i 

^■5. -> > r ^l/Tc/K0<@f*{C;fol>T(lSC20ttffn-(75^AC J; (9 B U > ' ^° 1$ ® ^ jg ;!?< 
*i $ n /c C i ^ $ n fc . 



^) . HK47 (13il^) > HK50 (13ii^) s HK61 (13il^) . HK78 (17il^) . HK 
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83(i7ii^) j:^mMLs ifa ?t 4^ t i> ;U ii lii jg . t \^ 7 mMf^^ immmiA) t 

taf* /c llXmtco l>T^^ n 5) iMiif^gy-e^ (t h ^feftlirK-^ 1 1 ^i: 
10 4fi{* ( -> > /^Hc/KOi f5]3g<Di^T^ 19 ^ 13~l8ii#-r^) ) =tOB^?#L 

L/Co PBST^rv L^^iia^ ^ xfeiS^-D 7- U > r iiiJtf* ( ■> /•7> 14280) ^96 
:;t-7^^'D^i'^-7'b-h(CD-x^ >^-L. ^fl^illfEit (FBS) ^»D^/cPB 

STTffiff^ L T^iito /f !t^4 ^ fln ^ . I- ^ -c ;u tt- ^ •> r^'-^f-^iifit-? xfeg^'o y 

'J > 7 iltaf* (Caltag. M30107) ^flD^T-f >4^^<- h L/Cc 7= U - h 
•^Ls '^^b;^ 4^ ■> ^■■-•ifS^i L TTMBZ ^ 7 ^ h . ML-1120T) (D-^m 

-7 X -f A y ^-n -7- U > [gG (Pharmingen. 03171D) ^ FBS^-^.Sn L PBSTgPg 

(1154) iZTjkto lllc^'{C{i§Ig(Col^T?IlJm(l0^i^M^J^ Lfco i^^^'^U 

n-r (ug/mii^T) . X 7 iias^^i^fiii t h 7 li-^soi/io-msT^) 

-ofio T^it^-^. V > r;UTc/K0{i^*©ifliricta(c;jbn>-(:(3:;^g|5 5t<Z)tA:{*5^^7:>< t 
mtR(o •> > r;bTc/KOv ^ x7flii*:o 0 *>4fli{*®ini?*-^ > 7';^{co^.^T 

Si^'J29) i I5l1t{cifii-/f 41 t h 7 ^ 7 XilS^ELlSA?£{c J: «9 gij^ L fco ^ 

com^^ (11155) «C:^^o ^T(D V > ^■■;^Tc/K0^i{4^iCfcl^T4?i®h7 -f^^"^ 

7 X tb $ n /c o 

2flil*0 V > ^■•;Hc/K0fif*HK45 (5t ^^) , HKIOB (3.5^ ^ ^) {Col^ 
PBSICO. 25nig/ml®>)i^-^/§i^? L t Mai/ST;U7' i > (HSA. v^^^'-r. A3 
782) 0. Sinl^O. SmlOT V i /< > I- (T i terMaxGo Id. Cytex corporation. G- 
1) i L ^ COO. Iml^^TfeS L /lo feSOBi, SBg. 15Bg<7)cnii 



1 6 6 



wo 00/10383 PCT/JP99/04518 

ELISA<*«^ J: K) L fzo HSAT fe^g L tz •> > ^l/Tc/KO^ ^ commi^(^ 
ttl5B glfll/tJ-fci-^TetHSA- t h r iltJtf^fffit^ W^''i±#*<ll^3: n/-Co ^ 
-> > ^OUTc/KOv ^ X{cfcl^r (ifeg L/C t h S^^MSKtcS^-r^tjtJlltS 

(2) ^" ;Hc ^ X CD ^? tfr 
|ji^L/citl89E^Dv^x(zol^r. iilT(Dim (A) ~ (D) cD (?? ff K 

(4)) <!: (5i^n£;&?s-(:pcR^?t;?^Yf ^ T^co {^ffi LfcT'^ ^ - {isc20i^frl#se<j 

ni:D14S543-C* §o 

(B) W23ifrK-f§t#^l^® yzi6. Slii* J: '0 Uiliy L /c DNAC o in T (^5£^|J68- 
(4)) i nmi-l-:f3&X?zm\Jy^u tzo L y 7 7-fiW23if^#^6^ 

/d:D2S1331 (Tomizuka'c) . Nature Gene t i cs. 1997, ftjie ) T ^. >5 o 

(C) t h // iI^il5ilSOfci6. 3~6ii^CDS<l{* J: «5iSJlIa L (IISS^iJ68-(4 

))(C/T^ L /c;5"i4-eBLiSAfl?tiT^n' o /-Co 

(D) t h /c IM^il5iiSiD/zi6. 3~6ji^®§j@«:=t i^fii^mi L (IIS£(?iJ20){c 
^ L ft EL I SAP Iff -ofZo 

i ^ n/-Co -t^A.t>^. SC20irit. W23ifT)t V r> xiii4^(C:feor |5] 

(3) iJ'-y ;UTc/KO^ ^ xcDft?^ 



$ntz 
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wo 00/10383 'i^^ PCT/JP99/04518 

85-(i)) tm^^s-ifj/ir-mmi tz^m\tii'n^mmi^-:^^'x y a -->r b ^ h - 

3iif*(7) ^•"7';UTc/K0^ ^ XHKTT (ITii^) . HKD 4 (6j1^) . HKD5 ( 6 if 

o /Co ^ b {C. cn^>3fi{*(;Jn^. HK190 (4il^) . HK192 (4ii^) 

PBS-ef&r. L/ctn: x^S^'D 7- >J > A mtn.i^ (Caltags M33600) *96;vv ^ 
^□^^^-yu - bizn-y- ^ >^''L. 4^B^Mjfll/» (FBS) ^Sd^ fcPBS-efp 

ili^tf* ( Callage M33607) ^JD^T^ >4^a.-<- h L/Co - h^/^ty^L> 
Kjlf^iy ^"--tr'gKi L TTMBZ ^ y ^ b . ML-1120T) Oi^Joic J: 0 

^^•/Ste^450nmOiR^S-eWffi L> ffl^ $ n/-c2gJggE^CD A il^^o IgG ( •> 

^'^^ M6034) ^?Bs=^mmifz?Bsr^m^^z^mLfzh(Dtttf^Lmm^o:> 
±ummm. (t b /c + ^ -7 x a m-^m) iz^-t^ t ^ « ii'^iS® a^m^ 

il//c b 7 B/ kB) t)<y^4 7- U -y Kt^tl*55'+ (t b u ^ x 

A 11^ >5 l-Wi t h 7 il/^ X A il) J: <9 hmisHzmmiX^.^ ^ Z t f)<^ ^ tltzo 

^•■7-;Hc/K0v O XHKD5 (6ii^) J; i9 {5^ m L . ( ^IfS^J 85- ( 1) ) ifsJ^Cil 
iJt'^'h r 7^ ^ 7 x^lg^ELISASfci; 0 S'i^ L /Co t h r lil : 

141rag/U t h 7 2ii : 61nig/U t h 7 3il : 119mg/l s t h 7 411 : 8. 3mg/I 

-c-^iQ s m±ro:>tb7B-*rv^vx^<mih^ntZo 

2flS{*cD y ;UTc/K0-7 ^ XHK77 ( 20ii^) . HKD5 (lOii^) (Col^T. PBS 
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wo 00/1 0383 PCT/JP99/0451 8 

iz0.2Sm/m\comf^-(:i^m L tz t bmimTJiyi > (HSA. > ^ . A3782) 0. 
5ral^0. 5inl60 T V jx ^< > h ( Ti terMaxGo 1 d. Cytex corporation. G-1) tM 
^ L^<DO. lm\^}^T^iSLtZo feigOBg. 8B@. 15 B g CO C n <D v ^ X 
J: (9 mifE L . ifn/f^^OtJtHSA- t h r il&ti^fffi^ (mJ5e^iJ21) tmmiZ^ ttzt/i 

HSA- t h a: iitat^fffi^ immmzs) tmm^zEiiskmiz ji K) mmLtzo ^cd'^^ 

(E156) . (057) (c^To HSAtrfe-g L /-c ;Hc/K07 ^ x®i^(if*<D 
1 5 B glfil/»f-feH^TtJLHSA- t h r II t?t f*: ffi S O^' t^t HSA - t h /c giiJti* 
m(D'mMU±^^<mm^ tifzo irUt>^. :/>'UTc/KO^ 't? x {c ^.^T feig L 
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PCT/JP99/04518 



{4)^^ju Tc/Ko A ( A 1 mmi^)(Dmifrx 

^y'Jl Tc/KOt-^x (mmm 85-(3)) flfc^l^TV-^T. AIMii{5^(ir,(Ji^^ 

n T , -1 CO i?) ifa r» i: v-^ 7> A SM > A ^ K (i fe- ^ L T ^ Jl L r 

^ 'J . ^ CO mi^ it± \g mm^ (D wmikx' $> ^ fz . ') ^jjm^Ki \i h k mco 

'y :^:^^^&-t^ Z ti)^mhnx\^^(Ju h. J. Immunol.. 136:2684. 1986), 

c ^ ^^'nsx'* 5 z *^';b*^o /c(ju if 12), ^^f*^ 
^ 7. iiikT A 1 ^m^*i:i2T)l^[l7ff>^J^z^^l^T^iJ^[lmct5:^AlI^iJt(7) sty 

iif^±^ A I iiX2. A3 II)*J{$t^^'^^iti$n^^t^(Ju M 

IS ) „ 1- ^cC 40 *, . A 1 ^ M {; T {i 7. I g a II CD i ^ ^ T' * S A 1 II 

Al^^{*$: (^5S#iJ 85-(3)) 53 iE$ tl /c ^ 7' ;!/ Tc/KO v x ^ SB L , 
y Tc/KO(A 1 ^^f;^)5:^ts Z i: ^^'-e# ^ ^ X C V ^ T . jfll ^ 

5 , A 1 g M <i ICR V X ( ^ - X U - • i^' t > J: U SI A ) (D ft H 

ck u ( ju , m mm. ^ ti tz m X- ^ m L fz . nrz x i m^i^ ^ y 

yjU Tc/KO v^zT^^^iHL. ^' yjl Tc/KO( A 1 ^mit ) ^ ff /i, n hHfz ^ -/ 
;Hc/KO(A l^mi:^)RZfny h n-A t L T ^ ;Hc/KO ( A l^Mf*-^f-n 
*>6^Mii?£M)(cfcM:r§iflim^k:h>cliaS:5cC>'T'>XAII?^g^tBi|^L 

(^JS<5<J 85-(3)), ti^Sm^ !ISr^^iI#:(Ifcn^T±@II?lJt(Z?^ 
b: S /c ll2i^cDS-^^$:.1^iD/c„ ± IE 2 M cD v ^ X (; o v^ T ^ 

5fliI^^cio^(7)¥±^{it$:»i±5L/c^^m<i. ^ ^ Tc/KO(A 1 ^^i^)^^ 93%. 
y Tc/KO(A 1 ^^f;^:^5^0 ^ § 63,<ST-^ o /c. ^ T'c. 

Jf. 5 fli^^(D±$5IIraj^^D¥iS(iy y;^ Tc/KO( a l ^m{*);6^- 558 mg/K ^ ^ 
Tc/KO( A 1 ^^f;^/\5=- P^S IMilS^^M)*^' 525 mg/l V $> U ^ .« 4" ^ |? 

(to b n 4 o /c , 

^nb^7)M^^i^iy:/;^ Tc/KO(Ai ^,^r V X A iiw^ejEj;! u ^ 
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wo 00/10383 PCT/JP99/04518 

U T ^/^ § . -r Kiit:>-h , A 1 ^ 5? f* fij ffl (i t h $M S; O"' h h M M b /S S ^ 
± 4 t h ^vi ^ ^ <D 5yj m 6^ ^ «: Rl |g (I s Z <h A^' ,7^ ^ n , 



( ^filS0'J86) y ;Hc/KOv X «b CD HSA!f# ^6*3t: hm^*:^Sfe/^'1'^U K-V 

( m^^mSb) IZ i,^ T HSA^jg J; U mf*fffi© ±S ^ nT'c ^'■7';Hc/K0 

30 B S {C « ^ 5g t ^ . CD 3 B m d ( H fiS g^J 24 ) (I gE m L T^c 7? i£ "C /n 
K-v^f^iSL/z. G418Btt=3n--©3^n/i^3300>^x;i/CD±rt?: 
ELISA (mmm\4. 61) ') L fz. ^(D^^^. H'^ x ;Ud^HSA!ftSW t h 

>ci $1 Hf , 39 -5 x HSAift ^ t: h r ft T' ^ o /c, fit HS A b h Y il ^ ft CD 

39 zc (D d . 1 4 X Jl/ ;;)^' H h k $%m ^X' $> 0 , i\k <D 'y jz JU If^ ^ 7. X $R ^ 
^4T'*o/c, iSS ^ CD lg^$I {; O T IW B# {C l^ftCD ai ;U fi^c o . C 

tihcD^^lt. HSAf#^6*i h ta^ ( y Mll;& X ^SI 5 ) M 

^-r * ^ U K - V y ;Hc/KOv '^T.i: 'J5^t#^tl/cC t ?:5^LTV^S. 

(^JSC?!J61-(4)) iIt*ev^4fflcDlihym-9--/iJ'^7.^:(^ai-rSELISA 
i 'if fzm^. 7 -^7 X ;l/ *i y I ^ ft , 2 X ;U Y 21^ ft . 5 x ;U A> y 41^ ft 

mtl J: 0 y ^' n -zi > /7' L . -e CD ±m 4 M^Oft^flJl ^ L T^c , BIAcore<r 

fcMt S ^ a y V ;^ ^ > ±t n.S ffi l^ /c ^ fq ^ ?g( (D 11 ^ fc^ ck M st m V 7 h «i 

J: 5 ism 1. IxlO'O;*^ t> 6. GxlO'o M-'T-^o/c. f ^cC ^ HKD5 J: U t# b n /i M 
HSAll h IgG/ K fit^4^ iiHSAd^tt L T IS V^fI^^ft ^ O C t ^ tl fz . 

(^JS^'J87) ;^ -b -y h ^ — ploxPHyg. p 1 oxPbs r CO ^ 

^ "7 7. ^ — ^ C U - - y ^' \^ \^ hAX^fef^A -HAC, /c -HAC a^\'^%\z 

~t~T"jir'^^ . ^ C> (I ii . -fp M $ n ^ HAC CD V X fi CD ^ A . HAC {: 
^ ^ n 6 t h M ig a ^ (7) V r> 7, C: (-^ § i(g ^rr ^ ^ ^ ,j_ 
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wo 00/10383 PCT/JP99/04518 

{5 ii C O T ill ^ -5 , - Z !; $ tl 5 HAC # A V (13 ^ 7> X A 
CD<l!tBS in 58, HI 59 (I [1 ^ L /c. 

(DtiMy h ^ -ploxPHyg, ploxPbsr T ^ o L X \^ b tz , t tz . 

m^^LtzXz) c . m ^ m 0 mm i)^ B ^ fz m ^ ^ t' -y J- ^ -t ^ -y a y-c 

§ -5 ck ^ (I . iU # © ;^ -fe «y h ^ ^ :$? - C (i PGK 7° □ - # {I Z C7) 

PGK y D ^ - ^ {- J: o T $5 ^ n 5 ^ § GFP S ? A^' ^ ^ ti 5 ck ^ C IS L 
tz. ^ -r . ploxPHyg COf^^ {I O T ili'^ -5 , v 5 K pBlue script II SK(-) 

i^^mKi) ^mmmm ecorv ( ^ - u yti-) x-mm is >; ym^tmm c i ap 

( f? 4^ /J^ M * T >; JljJ U > ^ ^ , S ?1 it ) 4 ffi T . SOr X 30 ^ 

RmL. ^nmmi^^^iiv ymiti^ fz, cnti. y^^^K pBS302 (#-yii) 

h m^mm Spel ^ Hind I I K ^ - U > - ) -C- tH U ttJ L -C DNA Blunt i ng kit 
( SSii) T'^rt^^^b L DNA St^t- ^ . DNA Ligation kit ( ^ M it ) ffl 

T ^ y - 3 > L . n > t° X > h -t DH5 ( m # t& ) imK^i^L fz 
^ 7> ^ K PBS302HS), ¥?t*SS^t. ^ ^ ^r' - a > t>' ff^ K 15 ^ , ^ 
h {C CO y □ h □ - t.^ o T tr r3 /c, , C ® y 7 7. 5 K $!J IS ^ 

Sail - u ytf-)xmm.^^v ym^tL. y^.T. $ k pOKPuro (whitehead 

INSTITUTE, Dr. Peter W. LairdTi^b^^) h M M Sa. \ \ tXhol ( ^ — 
^) y ii'-) -e fcJD 'J tii U /i PGK 7' n ^ - ^ if >T- «: ^ P - - > ^' L . ^ ^ 7. 5 K 
PBSPGK302HS t# , C 7" 7 7. ^ H fSI PI ^ ^ EcoRI Not I <, ^ - ^) y ii 

- ) xmm L , ¥?tfksj£ u ymitm. Noti u > ;^ - (ieSjI) ^ V ¥-y 

3 > t /c ( y 7 7> ^ K PBSPGK302HSN). - 13 . ^ ^ 7> ^ K #1-133 ( ^ IP ^ 
E^SP Effl{^-^ifJ:U^#) ^$)JI1P^ BamHI ( ^ - 'J > - ) tD 
■t h :l t \z X X ^ </ u ^ ^ i/ y ^ m'&.mii^^ ii y h^fc:DUtiiL. ^Ji 
^ ¥?t^k L /i. 7't 7. ^ K PBSPGK302HSN ^U^mm Sail ( ^ - U > - ) 

xmm I'^m^^'ik. ^^ -r 7' □ v > b i© {5 ? ;^ t h ^ 7 o - > 

7' L ( y 7 7. ^ K ploxPHyg). 

■(X\,Z^ ploxPbsr CO f'FM (- o v^ T iili ^ S . * -r S ^iU fl . ^ v 7> ^ K pBlue script 
II SK ( - ) ( m ) CO Sac! SIS fu !i ± lEl ® J: o (I L T S f i I 'J > ;0 - «: A U 



wo 00/1 0383 PCT/JP99/0451 8 

tz, Sf i 1 U > - . T CO fiS }?|J £0 ^ U 3' DNA ^ L . 5 ' ^ Jg 'J > flS fb 
L ( ^ fiX y 7 -r :h - S f£ ) , 

( S f i 1 U > - ) 
5' -GGCCGC [A/T]GCGGCC-3' {m¥\^m 5) 

Z CO 7" 5 7. ^ H ^ K P ^ BamH I ( ^ - U > - ) e" fc;D ^ . fiJJ U > ^ -fb U , 
y V 7> 5 H pBS302 ( y =1 ) ;!)^ b IB'J PI ^ S BamH 1 ( — U > ^" - ) T- tj) f; [ii 
U /c DNA «: ^ D - — > L ( pBSSfK302B ) , ^ ^ 7. 5 K pGREEN 

LANTERN- 1 ( ^' 7' n ) 60 CI a I SP ffi (I ± IE ® J: O (I Spe I U > ;^ - ( S ® 31 ) ^ 
W XL . $!l fiS P ^ Spe I ( ^ - 'J > ^' - ) T' to 'J if5 L GFP it {5 ^ ;^ >y h K 
it . Spel T-tD^ft, S5£ U > ^{b U /i y ^ 7. ^ K pBSSfK302B (I ^ D - > 
U ( pBSSfK302BGFP), C CO ^ v X ^ K «: PI ^ ^ Xbal ( ^ - 'J > - ) 

x-mm ■ ^m^m'ik. y'^ :^ ^ k #1-134 ip.u:k^m^^ mmik-WLW:^ 
u ^ # ) hmmmm ^a-mH] ( ^ - u > - ) -em 0 tt, L^mm^^^tL /z dna 

ffi^>t (^'^T.h-y-i'i^'^ SiijMttii{E^;^-tr>yh) ^ ^ a - - :y ^' L fz 
(ploxPbsr), tJ -t y ploxPHyg. ploxPbsr CO^^m.^M S 0 (1:^1/ 

(^ife^J88) - y 7^ > ^''^ ^ ^ -pHCF21oxPHyg(F) . (R)CD{^M 

h 2 2#ISfe{*±(0 HCF2 ilG^ M( lg?^^l^ CO ^1 -fe > h D ^ T {§!l ) loxP 
IB^iJ «: A -r €) T'ciSO CO ^ - y ^ ^ > y ^ ^ ^ — pHCF21oxPHyg(F) . (R) J^J^ T 
cOctodLTf^ML/c, HCF2j6e?cD$5¥^lRl;^^'-fe> ha^Y^^n;<Yt^. 
y'n^7-^-tyhn:>iTi}^-A^^m(Dfz/!b. (F), (R)cO2:^fn]C0:$7-^"5"'r> 
^••^/7^_^^/p|ui^^. ^ ^-^-^ l^f, HCF2ii^5^^coyyA^^$:i>JLTcO^^ 

^ - v^X PGR iC J: 0 tf ti L . 
HCF2-F2K; 5'-TCGAGGTACCGTGAGAACAAGACAGAGAATGAGGGAGG-3' ( SB # 7 6) 
HCF2-R2K: 5'-TCGAGGTACCTAATGCAGAGGCTCTTTGGTGT ACTTGG-3' ( fiS S ^ 7 7) 
PGR {±. -9- — V ;U -f ^ ^ — t L T Perkin-Elmer ft 15 £0 GeneAmp9600 5: « Taq 
/+' U ^ ^ - if (i LA Taq( 3l S ill ) ^ im ^ . 7 r — ^ dNTP( dATP. dCTP. dGTP. 
dTTP) (i m i-^i (D t, (D ill. m ik \ZVt^-Zm^^tz. . ^ -< 9 {'■[' (i 94°C 
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wo 00/10383 PCT/JP99/04SI8 

1 98^10 #. 68r 15 ^J- 35 1^- -f ^ ;L.fT o /i, PCR mm 'k ^ 
U^^s-T. K { ^ r 3 ) {llimL rz'i§i . chroma SP1N-TE400 ( O -> ^ ^ ) 
T' YJl'MML fz, tO'i&.'Mmmm Kpn l ( - U > ^" - ) -C- KD m L CHROMA 
SP I N-TE 1000 ( ^ □ - > T «y ^ ) -C- y ;U at ii L , C (D PGR rr >^ ^ 7' 7 7. 5 K 
pBluescriptl I CD Kpnl SP {5 (I ^ □ - - > L /b ( pHCF2), {; , ti y h ^ 
<7 ^ -ploxPHyg b $!l PI ^ ^ Kpn i i: Not! ( ^ - U > - ) "c- loxP ^ 

DNA ©fit to U tB U¥?t^JS{bm. 7' ^ ;^ ^ H PHCF2 O SnaBI gP (i ^ o - 
- > ^' L yc . LoxP IS ?ij fR] ^ o - - > ^' L T^c HCF2 jg {5 ^ W i: [IJ ^ [S] 
COt,©^(F). i^;5-|R]©t;(D^(R)^L/c CpHCF21oxPHyg(F), (R), He 1 . 6 

2 ]. 

( ^IS#y 89) — ->-' -r -1- > ^ ^ 3? — pRNR2 1 oxPbs r © {^F M 
t h 1 4 # §fe # ± RNR2 il {5 ^ M 1 oxP IB ^ij =1: ^ A T -5 <* CO ^ - y 
X > ^ — pRNR21oxPbsr ^ 1-:^ T ® J; 9 (I L T f'P M L /c, ST. th 

RNR2 ilfe^J^® y ^ ^ flS^ ^ J^J^ T® 7' ^ -f V - «: ^ ^,^ T PCR C J; 9 it Iff L /i. 
RNR2-F10E; 5'-TCGAGAATTCAGTAGCTGGCACTATCTTTTTGGCCATC-3' ( ifi ?ij # ^ 7 8 ) 
RNR2-R10E: 5'-TCGAGAATTCGGAGAAAGAAC ACACAAGGACTCGGTC-3' ( SB 5^iJ # ^ 7 9) 
PGR (i. -9- — -7 -tf ^ =7 — -t. L T Pe rk i n-E 1 me r a Si GeneAmpSGOO . Taq 
U ^ ^ - -tf" LA Taq( S?ijt)*:fflV>,y^'v ^ 7-^ dNTP( dATP, dCTP. dGTP, 
dTTP) {imf^tc7)t.a) ?:^i^^^^j^^Z^^^oT^l^/c, iSJ^. i^-^ ;U^f4^{i 94°C 
1 ® ^ '(4 . 98°C10#\ 68°C 1 5 :$[^ ^ 35 ^ ^ ;i/ o /c. PCRj^tl*:^ 
D ^ ;f - 7> K ( ^" 7' u ) L /c . CHROMA SP1N-TE400 ( ^ O - > x >y ^ ) 

T- L /c. ^ CT) , PI ^ ^ EcoRI X'^ifL CHROMA 

SPIN-TEIOOO ( O - > X >y /7 ) T' ^ ;l/ ii U , - ^ , ^ 7 7. 5 K 
pBluescripi 1 1 CO Kpnl ffi $!| PI g*^ ^ Kpnl ( - U y -) X'^m^ik, ¥ 
-fb • ir;l/7 ^ f y- V 3 >-r 6 C ^ {z J: U L . $ 6 Notl SP & il Srf 1 
U > ^ - ^ # A U /c y V 5 K ^ ^ ^ -[pBS(K)Sr] ^ f1= I2 L . Srfl >; 
> ;^ - «. T ® IB J?iJ CO 71- U n' DNA ffl /i. 
Srfl ij y - ■ 5'-GCCCGGGC-3- ( SB ?ij •{& ^ 8 0 ) 



174 



wo 00/10383 PCT/JP99/04518 

5 K[pBS(K)Sr]£D EcoRI gPf2(-±E(D RNRZiS^^ PCRrr>^=& C u- - 
y ^' h Z. IL-Q =7 7. \ K pRNR2 ^fl^^LAc, - -J5 . tl -J V ^ <7 - 
ploxPbsr (7) Sf i I gPfi {I Kpni U > ^ - ( ^ ?S it ) ^ ^l* A L . i&J i^P^ Kpnl 
( ^ - 'J > - ) T' I oxP @e 3^iJ §: ^ O DNA rr )t ^ to U L . 7' ^ 7. ^ K pRNR2 
Kpnl SP{afCi:7D-->^-l^/-_, RNR2}SfE^{i^D^7^-tr>hD^7;5- 
[R]{llE¥^tlS ( R. G. Worton . SCIENCE. 239:64-68. 1988) C t /t)^ |g ^ $ 
tlT S <D -e . ^ U- --^ \^f- RNR2 PGR ® fR] t loxP iS^iJcD 

( pRNR21oxPbsr, HI 6 3 ) . 



( ^Sfe^'J 90) — y -r -r > i?'' ^ ^ — pYHZloxPHyg CD 
t: h 2#^fef*±£D COSYHZ304 (^/-^a:>7.t»^«iMfeaia:^'^E^gP 
ySTK^SctUX^) yyA^l^ ( IgKH^cD^^j 30 kb -t > h P ^ TIPJI {Ifeg) 
C loxP ie^ij =fc Jf A -r -5 /c <S& O — -r > ^'/^ ^ — pYHZloxPHyg J-X T CO 

i o {:: U T (1^^ L /c. ^ t: h COSYHZ304 y y A ^ Jil T © y 5 ^ - 
t ffi t-^-C PGR {Z i: ififs L T^c, 

YHZ-F2B; 5'-TGGAGGATCGGATAGAGAGATTGTGTTAAATGGGTGGG-3' ( IS ^ij # ^ 8 1) 
YHZ-R2B; 5'-TCGAGGATCCAACAGCTGGAACTCATAAAAGCATAGC-3' (ie^J#^8 2) 
PCR (i, +^-v;^-y•'r ^ v — Perkin-Elmer^ti^© GeneAnip9600 «: , Taq 

U pi ^ — -tf (i LA Taq( II^S5t)^:fflV^,/■^<y:77— ^ dNTP(dATP, dCTP, dGTP, 
dTTP) ^ # © © ^: it 3g ^ f^t^ {; o -C ffl /c. , -y- -< ^ ;!/ ^ (i 94°C 

l6^COBm^'ik. 98°C10#\ 68^ 15 ^ t 35 -9- ^ ;U^T o /c. PCR ^ 
□ 5^^-7. K(=5Fyii) MJiL/zf^. CHROMA SP1N-TE400 ( ^ □ - > ^ >y ^ ) 
T' y ;!/ jit L „ t(DW:,Pimmm BamHl ( - ij > _ ) X' tJD »f L CHROMA 
SPIN-TEIOOO (^D->T->y^) T'>:r;U^j§L/:, H 
pB 1 uesc r i pi II CD No 1 1 & 5: iliij PI P ^ No 1 1 ( ^ — U y ii — ) T? tU ®? , ^ jf 
-fb • -tr y 7 y - S/ 3 > -r ^ - (I J: U ^ ^fe U . $ f> II Sac 1! {5 (I S r f i 
"U > - fip A L /z y ^ X = K ^ ^ ^ - C pBS ( N ) S r ] fl^ ^ L /c. ^ 5 7^ 5 
CpBS(N)Sr]iO BamHI g|5 ff/. tl ± SLI (D cosYHZ304 y 7 A tyUiig PCR rr it ^: 7 D - - 
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y y -t z t -C- ^ 7. ^ K pYHZ ^: flH ^ L „ - « y ^ 7. ^ K ^ (TiiJ PS SI ^ 
Tthl 11 T-9jrr • ¥?Phf^, NotI V y:h-{-^mm)iii?XL /c (pYHZN), 

:/7-t-yh^^^ -ploxPHyg (D Kpn! *p (5 (i Not I ij > ^ - ( ^ ?1 it ) 

# A L , H'j 1^ @^ ^ Not I - V > t)-) X' \ox? am DN'A Wr }^ 'k m 'J 

iil L . 7^7 ^ K pYHZN CO Not I gPju{r ^ D - - > y L cosYHZ304 (D - 

COSYHZ304 y y A PGR ^ >t ® (S] h 1 oxP IH ^ij CD ?J In] i: ji^' [S] # ® ^ O ^ ^ - 
^ y y' ^ ^ ^ - t LX m^^tz ( pYHZloxPHyg, H] 6 4 ). 

(MMM 9 I ) tl V ^ — pTELPuro M 

pTELPuro i-^J. T CD cfc ^ {I L T ^ U „ t h 5^ D ^ 7 gg ^ij (i , 
J.J.Harrington b ( Nature Gnet. , 15. 345-355, 1997) (I ^ b o T PGR {I 
J: 0 -^fiX L . y ^ 7> 5 K pBluescript II SK(-) ( m ^ .^5 ) (D EcoRV gp (5 C i7 
° - '-^ ^' (pTEL), y ^ X ^ K pGKPuro (WHITEHEAD INSTITUTE. Dr. 

Peter W. La i r d b ^ ) EcoR I gp fe «: No 1 1 gp {- ^ K , $!jpg^^ NotI 
( ^ - U > ^* - ) -C- to fj iiJ L DNA ^ >^ (li' ^ - O V ^ > if -14 it ? ^ -t 
■y h ) ^ y ^ ^ ^ K pTEL Not I gPfutI ^ O - - > ^' L /c (pTELPuro. [U 6 
5 ), 

(^iS{?!l9 2) ^-yx-i-V^'^i^^ -pTELPuroCD8A(F). (R)©f^^ 

h 2§^fef*±© CD8A m^S^M ( IgK-^l^tO^x U M' m\Z.{tLW) C t: 

pTELPuroCD8A(F), (R)$: J,:;T(D ± 9 H L T ^ L . CD8A iif5?(Dfe¥^(Rl 
-fe > h D ^ 7 ^ X □ ^ 7 , T- □ p< 7 - > h □ ^ 7 :^ 0^ CD *!) . ( F) . 
(R)tO 2 [pjiD ^ -^x ^ > ^ ^ - ^ f^Si L /i. t:hCD8AjIf«? 
^CD y y A iififeJc ^ i-:;TcD y ^ f T - ^ ffl ^<^T PGR (C J: U 1@ i|isi L /c . 
CD8A-F; 5'-TGGAGGATCCCTTTAGTGAAGGCAAAGGAAGGGACACTC-3' ( K i-'ij Ig- 8 3) 
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CD8A-R; 5'-TCGAGGATCCTGTAAAGGGGTAGCCTGTCCTCTTTCATG-3' ( fiil i-'i) {& ^ 8 4) 
PGR -It — V^Ht-r 9 — t L-T Perkin-Elmerf±^CO GeneAmp9600 . Taq 
U P< V - t' (i LA Taq( ^ ?S ;t ) ^: ffl i-V /^ «y 7 7 - ^ dNTP( dATP. dCTP, dGTP. 
dTTP) it-mi^i(Dtj(D^i:m.m^{f^l^Vt^X m^^fz, ^ ;i/^f^{i 94^ 

D 7^ - 7. K y 3 ) UlimL fz'ik, CHROMA SP1N-TE400 { ^ a - y y- y ^ ) 

X' ^' jvm':^L fz. "to'i&.mmmm BamHi ('^-u^;^'-) x-mmb chroma 

SPIN-TEIOOO ( ^ D - > ^ -y ^ ) X' ¥ M ]^ L tz , Z (D ?CR m )i y' ^ :^ ^ K 
pTELPuro (D BamHI fi (I ^ □ — ^ > ^J'' U , i7 U - — y tl tz CD8A ^ 7 
AW^;t7;)^'t: h ^ a ?c TU^'i t \^(D t (D ^ i£^lR]cDt.(D$:(R)i:L/c 
[pTELPuroCD8A(F), (R), 11 6 6. 6 7 ], 

(Mt^m 93) — 7 h U DT-40 iffl M 'f' T' CD loxPHyg tl y hOt: h 2 2§|fefe 
± ^ fit M 6*1 # A 

LIF a{£?M-ex0^7 h5>^r-i/3 >L/ct: h 2 2#^fe^^^>t$:^ 
Iti-^j^y h U DT-40 ^fflSa (lisfs. Nucleic Acid Research, 26:3447-3448, 
1998 ) C ± IS ( m m m 88 ) -e {'F L /c ^ - y 7^ -f > ^' ^ ^ ^ - 
pHCF21oxPHyg(F), (R)?:h^>;?>:7aii:7:i/3>U^ HCF2 M ^ ^ (3 1 oxPHyg 

- y h y mm(Dmmit lox^y -y^i^mm (^y ^ . j^a t fbs x- le i- ) , 

l%- U h V !iB.m I O-'M 2- ;U -7' h X ^ y - ;U ( ^' ^ ) *: ^ iP 

L fz RPM 1 I 640 ite y :3 ) ^ X- n fz . m 1 0' ii CD a fla in RPM I 1 640 

J& X- - [El 73t }^ L , 0. 5 ml CD j^io RPMl 1640 ±S±fi {I L . SO PS Not I 
( ^ - 'J > ) -C'^t^'fl: L fz f - Y ^ y y ^ 9 y - pHCF21oxPHyg(F), 

(R) 25-30 Mg in x. . x U h n U - a > ffl dp -y h ( ^-n ■< Tt" ^ -y 

K ) cr ^ L . m T- 1 0 ^ 15? S L , dp ^ ^ -y h i'' - > /•^ ;u -9- - ( / W Ti- 

7 -y K ) C -t -y h L . 550 V, 25 M F cD ^ "C- m IE EP ia L /c. ^ T- 10 ^ PaT 
mm.m. 24 lU? ISI a L , 24 [1$ tin m . -f i^^' □ v < > B ( 1 mg/m 1 ) ^ 
t.' lt!i il ^ L . 96 'A II 7* U - b 5 «J {- U T ^i'j 2 JM l/il cD )1 ifj a 
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o /i . ^' □ V -r > Q m fii:^ O - y i)^ h Puregene DNA Isolation Kit 

( Centra System ft ) ffi I ^ T y y A DNA ttj U . ^ 7 A DNA itij PI 
^ Hpal t Xhol T- tU ^ L . 0. S%7 if n - 7. Y A ^ V fg^m 

ML. — hWtJlu-T.y-fJl^ - ( DuPont ?± ) ^ 7 ^l/ ;^ U :7' n -y 5" > ^' 
L /c. C CD 7 f :? - ^ L T HCF2 y □ - 5: ffl X it -If > /^ y U :5^" -f "tf 

- S/ 3 > §: v^ , ti ^ ^ t fT o /c, HCF2 ^ O - 7" © f'P M JiiL T 

» ly C L T 7 > ^' A 7' 7 ^ ^ y <f\Z '-P li DNA 7' O - y L /c ( 7 

^ ^ A , ® y □ h 3 — ;u fr t!^ o /- ) „ 

HCF2-F4; 5'-CACATGACAAGAGCTC AGCG-3' ( IB ^ij # 8 5) 
HCF2-R4; 5'-TCTGACTTCCTCATGAGAGCC-3' ( 15 # ^ 8 6) 

PGR ii. -^ — ^JV-^-i i7 =7 — t LX Perkin-ElmeraS^® GeneAmp9600 ^ . Taq 
U ^ ^ - -tf fi Ex Taq( ^rSit ) 5: ffl , /-N >y 7 7 - ^ dNTP( dATP, dCTP. dOTP, 

dTTp) iimHcDto^mm^n'^zvt-oxm^^tz. j^i^, v- ^ ^ j\^^i<¥it 9i°c 

l^(Dm^^m, 98°C10#. 65°C30#. 72°C 1 ^ ^ 35 -y- ^ ^ ;i/ ^7 o /c „ ^ 

- y 7^ 1- > ^'^ ^ ^ -pHCF21oxPHyg(F)dDJt^ . ^ [H M gl ^ li > 20 kb, 

*g m M ^ ^ -e (i 8.7 kb CD y \< th ^ n . ^ ~ Y ^ -f y ^ ^ s - 

pHCFZloxPHyg (R)a)ii^. ffl P M ^ T' li >20 kb, IS M ^ ^ f* T' (i 9 . 5 
kb CD /-^ > K It £t5 $ n 5 ( in 6 1 . 6 2), -tMf > 7' 'J ^ -t' - 3 > 
tO^^. 9-Y^^y^^^^ -pHCF2loxPHyg(F) {I i.^ T 52 ^ D - > cfi 
41 ^ U - y , (R) fC fci/N T (i 60 D - > 43 28 ^17 o - > g [s] A 

^*T'5)o/i (^n-f-'tiHF, M^u-ytm^), 



(Mhtm 9 4) — 7 h U DT-40 m^^X'CD loxPbsr ti i: y h (D \i h I4#^fe 

t: h 1 4 ^i^k^i^m )^ SC20 =fe{5i^-r§^7 h V DT-40 ii'Bl ( Us b > 
Nucleic Acid Research 26:3447. 1 998 ; ^ IP ^'^ !^ g ^ g|5 . ^mik-^i^X') 

5>^- ) c ±id immm a 9 ) tmi^^ u /i ^ - y ^ > ^ ^ -pRNR2ioxPbsr 

^:h^>7.7x^S'3>L. RNR2 m -T m I oxPbs r ^ iz -y h ^: ^ili" A "T -5 C 
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± ss t Is] ^ {I u -c. ummm {j^mm) x- ^-^it \. tz ^ - ^ ^ ^ ly ^' 

^ ^ 9 - pRNR2 1 oxPbsr $:h5>7>:7x^i/3>L, ■7"^7>h-9-l'v>S(10 
Mg/ m 1 ) S T -e ^5 2 iil iS a L T^c. if ^ D - > y y A DNA 

(me 3 ). 

RNR2-1; 5'-TGGATGTATCCTGTCAAGAGACC-3' ( ig JiJ # ^ 8 7) 
STOP-3; 5'-CAGACACTCTATGCCTGTGTGG-3' ( 15 ^IJ § ^ 8 8) 

PCR +^--^;l/-y-'r v — ^ UT Perkin-Elmera^tD GeneAmp9600 & . Taq 

/•i^' U ;>< ^ — if :i LA Taq( ^SiD'^ffli^.^^-y :7 7— ^ dNTP( dATP, dCTP. dGTP. 

dTTP) (iit^tD t ® (I fi^ o T ffl /z, . ^ 1- ^ ;l/ ^ (4^ 94°C 

l^tD^^ffi^i. 98°C10^:!), 65"C5^^ 35 f o /c , ZOM^, 60 

^7 n - > 43 8 ^ D - > {Z *J T «l ii U CD ^ 2. 5 kb 0) PCR ^ i^. ;!)^' ti $ n . 
1^ ;t n ( R ^ n - > ^ ) . 

(^JSfiJ 9 5 ) ^ 7 h >; DT-40 ^fflS&4>T-£Dt: h 2#§^fe#:tDgP{a#^S<J^»f 
11 h 1 myk^W±^^^n-K h -"1 h 'J DT-40 Ifflfla (Ms b . Nucleic Acid 
Research 26:3447, 1 998 ; ^ ^5 ^ E ^ . ffl {|£ - g i U dtJ" ) il ± iS 

(^Sfe^iJ9 2) TM^i^ L 57 - y -f > ^5''^ i7 ^ -pTELPuroCD8A(F), (R)^ 
b^>7>7xi7->3>L. CD8A iiSfE^Mtit: h5^ny TSB3'|J$:^fAi--6w i: 

± IE m It C U T . $IJ IS ^ ^ S r f I ( ^ }f ) X' It 4^ <b U /c ^ - y 7^ > ^' 
^ :$? -pTELPuroCD8A(F), ( R ) h ^ > 7« 7 x ^ ^/ 3 > L < t: 11 - P v 
( 0. 3 Mg/m 1 ) # ^£ T -e *^ 2 il 51 tR IS « L /c. » 14 D - > jb^ y' 7 A DNA 
^rfflttiLTii/.TtD^v-rv-^rfflv^T PCRJZj: Uti[5l,mi^^^f:CD(ll^&ffo 
( ID 6 6 . 6 7 ) „ 

^ — y -r -f > ^' ^ ;7 ^ — pTELPuroCD8A(F)^ 

CD8A-3; 5'-GCCCTCATGGAAATCTCCTGGG-3' ( IS 3^iJ §^ 8 9 ) 

CDPuro-1: 5'-GCAGCAACAGATGGAAGGCCTC-3* ( SB JiJ # ^ 9 0) 
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— y X -r > ^''^ ^ :5? - pTELPuroCDSA 
CD8A-2; 5'-GAACAGAAAGCCACTCTTCCTTTCCAT-3' ( ifi J^iJ # ^ 9 1 ) 
CDPuro-2; 5'- ACCGAGCTGC A AGAACTCTTCCTCAC-3' ( 12 3^') # 9 2) 
PGR (i. if - -7 ;U +>- ^ ^ V - L T Perk i n-E 1 mer a ^ GeneAmp9600 ^ . Taq 
z+C U ^ ^ — -tf LA Taq( 's.MM) ^ m , -y y T — dNTP( dATP, dCTP. dGTP, 

dTTP) itmi^a^tcD^mm^i^izvt-Dxm^^fz, -sjt, -y-'f ^ 94r 
1 ^(Dm^'\^m. 9s'c 10 68°c 10 ^ ^ 35 +(-'1' ^ „ c (D m 3^ . (?) 

{I 1/^ T (i 95 □ - > cfi 2 O - > , (R) {I fc^ V^ -C 160 ^ O - > tfi 2 O 

- >i:-i^ss3i »; CD PGR $ n. i=giiM^^f**M#bn7^c (-en^'ti 

CD, CR □ - > i: 

Hki^. tg |5] ^ CD. CR □ — > iZ *i ^,^ "C , CD8A iie-?^ c 2 
{4^ CD »f C o T 6 S ;()^ ^ ?CR RXf F 1 SH ^ |It C J; o T P ^ . 
( 1 ) PGR ®^/r 
2§^fe^*±CDite?:&t^'^Mv-;^^D#;a (me 8) ^rJiiTcDy^-rv- 

5: ffl T PGR {I ck 'J It Jll U D2S373. D2S113, D2S388. D2S1331. D2S134. 
D2S171, 1?0 ^lUmo) y ^ ^ -7 — it BIOS ?±C0 CD ffi V^ /c. 

VK3-F: 5'-CTCTGGTGCAGGGCCAGTCA-3' (i2^iJ§-^9 3) 
VK3-R; 5'-TGCTGATGGTGAGAGTGAACTC-3' ( 12 ^ij # 9 4) 
CKi^aj^ y ^ ^ ^ _ 

CK-F; 5'-TGGAAGGTGGATAACGCCCT-3' ( IB JO H ^ 9 5) 
Ck-R; 5'-TGATTGTCCTCCAACATTAGCA-3' ( g2 ^"J § 9 6) 

PCRIi,-^- — v;Uit'r ^^-iiUT Perkin-Elmer^tl^tD GeneAmpSSOO . Taq 
U p< 7 - -fe* (i Ex Taq( Sfiji)^fflt/^./>>y77— ^ dNTP( dATP, dCTP. dGTP. 

dTTP) {tmi^(D-t (D^mm^i'-^izm^iX m^-^tz. i^jt, ^ Ji^^i^n 94°c 

i-^cD^M^^ik, 9S'c\0¥j. se-eor 30 . 72°c 30 ^ 35 +t- ^ ;L'ff o 
M^^ne 8{i,T^L/i, t: h 2^m^<^±M^^t^r^-u hu dt-4o fa 

^ P-> 521D4 (Iiol.^T^i. ±TtOV-y7*iftJ;tt} ^ nXt^StDC^I LT. ffl 
[sj M A CD ^ O - > ( C D 1 0 ) {I jb^ I, ^ T (i . CD8A j: ij 5^ □ ^ 7 (I is 
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■t ^ -7 - :^ it ± X m ^ L X y.^ fz , -15 , ffi [51 ,m j$ X. CR □ - T 

( 2 ) FISH (?i?|/r 

t h 2 § ^ *i CD8A mB^mxmm ^ nx\- ^ z }i ^m.nmi.z'n^t 

^ ^ - yf- y ^- ^ ^ ^ - dp \^ =^ - u -? ^ -y y m ^MB ^ ^ m X 

# S pGKPuro y' u - y ^ m tz fish ^ o (H 6 9 ), {i^S <b 

(Nucleic Acid Research, 26:3447-3448, 1998) iZ'^-ofz, COTI ^fe (n 
- ^ 5 > S , .TSt ) {Z J; U . 52 1 D4 t it ^ t T CD ^ D - > ( CD 1 0 ) T- (i . 
2 §^fef*d^»f>^-^b LT Z ^ ^^,{1, pGKPuro ^ n - 7' jl^ 

O ^' ^ ;U ( F I TO ^IIH . M ) A^' ^ O ;^ T - 5S (Z 1^ ^ n /c , C Z i: ^7 
-yT^Y^i^'^^^-^i^A^n/c CD8A iie^M75^'2#^fe<^^>tcD5^n 
^ T - {w ^ o r V^ 6 - *: 5^ L T -5 „ ^ /c, CR ^ O - > {z fc- x (i , 
pGKPuro y n - ys^oi/ 2pl2 {I I?. <fe h H . ± <. m)^itt-^Z 

jy. ± O ^ ^ . mmm.i^ CD n - > {c T . h 2 § §^ 

CD8A m\^^mxmm ^ nxy.- ^ t.mmx t fz, ^tz. cr ^ n - > t- <i t:o ESf {t 

*^'^a 3 c, o /c z: b cd8a iie^(Dls^:6-fp]{i-t> hn^T^T^n^ 
^mo:>^o{zmi5\^x'rU}tT h ^ 3 y ^ -r ?> z t x ir\ ^ 

^-r ^ z t mmx § ^ , 



(^SSfy 9 6 ) - 7 h U DT-40 ffflSa T'CD loxPHyg t) y h<3Dt: h 2#^fe 
± ^ CD gp ffi ^ S*J Jf A 

± is ( ^ Sfe ^^J 95 ) T' ^# 6 /i C D8 A it ? ^ T- -r n ^ 7 h ^ > - 3 > 
L-T^ct h 2#2fefe<*^>t^^i^T^-7 hU DT-40 *fflJ5a CD ^ n - > {c ± 
(^fifefi^J 90) T-{^^ L /c ^ - y ^ ^ y y ^ -pYHZIoxPHyg h ^ > 7 

X ^ 3 > L . COSYHZ304 y y A HHJ^ (I I ox PHyg ^ -fe >y h ^: A T 5 C i: 
M-?^ /c, ^ - — 

± SB h fsj fa <i U -C , ili-iJ fi? ^ S r f I ( m y¥ IS ) T- ^Si 4^ {k L /i ^ - ^ x > ^- 
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^ ^ ^ - pYHZ 1 oxPHyg 5: h 7 > 7. 7 x ^ v 3 > U . /^ -T 7' O v -f > B ( 1 

mg/m\) If x-m 2 mmmiRmm b fz^ m^t^ u-y-h^ j dna ^ hii tb 

-Z ^XT 0^ - ^ m X PCR{lctUffil5lMM^f*(DlB]^=&^f-5 (I2!6 

YHZ-2: 5'-TCCTCTTTTTCCTTCCTTTGCCTC-3' ( 12 ^ij # 9 7) 
Yhyg-2; 5'- ATTATTTTGGGCGTTGCGTGG-3' ( 15 f J S 9 8) 

PGR (i. it-v^U-y-'f ^ v-i: LT Perkin-ElmerttMO GeneAmp9600 ^ , Taq 
'J ^ ^ - -t' LA Taq( Js ) ffl v^ , /^ >y 7 7 - ^ dNTP( dATP, dCTP. dGTP, 
dTTP) {i^^{t^^^^D^^i^^^^^{C^^^-^Tfflv^/c„ ia^. -t^ f ^ ^ {^t^ 94"C 
1 ^ © ^ ft , 98°C 1 0 I:!? , 65°C 5 ^ «: 35 +1- ^ ;l/ ff ^ o ^ 1? CJ; U =fg 



M ^ ^ % f S t: h A X ^ # A -HAG IS 

- E «c T' IH U i 9 . -7 7. 4^ -C- ck 'J ^ ^ II o 5dJ ^ M < ^ ± ^ t h 

^i^^mm.-^ ^ tzS){Z ^ HCF2-IgA-LIF i^^h^h\l h 2 2#S^fe#:^;t^ 
tl h IgH^^t.* 1 4#S^fe{^^Jt SC20 ±0 RNR2 ® {5 ^ ^ (I $5 ^ -l± 5 ^ t 

CcfcoT, t hmf*mM3i{5^i^77.^-i:A6^ii.{E^:^77^i?-0(i:& 

*-r. ®iD{;±§a {%%m'B z , 9 4) -e^#bt^/iffiI5]m^^^*: hf. hr 
^ u - y-^mnm.^^^ ^ ^ n ~ y hmum-^-^ h z. t <.z ^ -oX . t h 2 2 
^yik^^m)^ h 1 4s^fe{:^fif>v SC20 « fsi# ^ -r DT40/^-f 

( 1 ) h h 2 2#^fei*tSf;T-i: 1 4i:a^fe{*^>t SC20 ^>^©il#^^^iti- 
-5 DT40 /N -r 7^ U «y K Of^i^ 
R ^7 □ - Xi ^ ^ 7. h -9- -r V/' > S (10 Mg/ml) RPMI 1640 i^i^X , HF ^ 

□ — > /^ -r O V ^ > B ( 1 mg/m 1 ) ^ RPM I 1 640 T' ^ L /c. 1-2 

X 1 0' fia (7) iiEi ^ P - > zi ^ L iS m . fl't Ifa m RPM I 1 640 ig ilb -C 2 Ell L , 
?S ffi IS ilH 5S ± {- flX 0 1^^ I ^ m (' . -T' 37r T' {!fi ?„?i L T *i l ^ /i 50% PEG 1500 
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( ^ - U > — ) 0.5ml ^ AM; ijn ^ , S^J 2 ^ ^ >y b T' M L < il ^ U /c. 
^ (Dtk. «R Iftl m RPM I 1 640 Uti 1 m\ ^ I m f}^ a X ■:> < bU ^ , m^^XPH 
ifiL r9 RPM I 1 640 9 ml ^ m 3 'j^?^^^ r m K . 3TC T' 1 0 ^ # g L /c, 

I . 200 rpm X' 5 ^ F^ )S t , Jfil rS 5: ^ O RPM I 1 640 it& X 24-48 B# F^ 
# L /t . ^ ft ■ 7" ^ 7« h -t^- < i/' > S (1 0 Mg/m 1 ) - ^ D v-r > B ( 1 

mg/ml ) ^ W RPMn640 Ig Ife C x J$ L . 24 7^ ^ ^ U - h 5 «t (I ?i L . 3-4 
ilF^^^U/co |5Ht{lLT, HR ^a-yt R i:7D->t.ifflflSl!fc^U/c. HF 

^ a — > t R 1^ n - y t (D m h h n fz -f V y \^ (RH? ^ u~ 

y tm-'S^). M 1:7 n ~y t R u - y t (D m h m h n fz y V y 

h' ( RHR ^ o — > ^ ) -It y A DNA <: a ta L T . Jii T © ^ ^ v — ^ 

ffi v^T PGR 5: tTi-^. Hhl4§, 2 2 # ^ « 2 * ^ it $ n T -5 Z t 

VH3-F: 5'-AGTGAGATAAGCAGTGGATG-3' ( i2?ij 9 9 ) 
VH3-R; 5'-GTTGTGCTACTCCCATCACT-3' ( 12 ?iJ # ^ 1 0 0) 
H h 2 2#§^fef^1tJliffl:^vfV- 

IgA-F; 5'-GAGAGTTGCAGAAGGGGTGACT-3' ( i2 J<J # 10 1) 
IgA-R; 5'-GGAGACCACCAAACCCTCCAAA-3' ( 12 if ij § -I- 1 0 2) 

PGR ii, 1^ — V -f ^ — i: L T Perkin-Elmer ai^ CD GeneAmp9600 «: . Taq 
7fs U ;^ ^ — -b' fi Ex Taq( ^Sit ) ^ ffl , /-^ 7 7 - ^ dNTP( dATP. dGTP, dGTP. 
dTTP) <i^{^ (D t, © ft o T ffl V^/c, , -it ^ ^ (i 94°C 

1 ^(Dm^^'ik. 98'C 1 0 # , 56°C 30 # . 72*0 30 # 35 if ^1/ ff o ;^c. PGR 
(DlSm. RHF p - > {i 6 ^ O - > . RHR ^ n - > (i 2 D - > VH3 i: Ig 
A (D iSS {3 ^ -It T- ^) o ;t , $ {C . t H GOTl DNA §: y O — y {I ffl t,^ T FISH 

^itUTi/^€>c:i:*iaac>7b^i:^o^c. J':JL±cOM^7!)^ib. RHF, RHR/N-ryu-y 

( 2 ) RHF, RHR /n ^ U -y K □ - XI (t S t: h 2 2 # fe i*: ETr in 1 
4 # jfe f>t: rr Jt SG20 CD ?Hi {4 W $5 ^ 
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(2)-l Cre 2^^^ jg^f^i^K /7 ^ _pBSi85hisD 

-i^timX'BLfzX O tZ. t ht^^i-^CD^ixL'^^^mmfMii^ Cre-loxP :> 7> x 
t (zJ:oTf?-5„ ^ t7) X A {- ,^ r ^ . ^ 0 0) J: o !i ^MS 

Cre ^Ki^ ^mm~^m-< ^ ^ i^yn) immmm ecori > 

;^-) ^•t:0»fL, Bgin -J > - if a U /c (pBS185Bg). t 7« f- ^' y 

-^^«ttii^5^;^-tr'y h ^ ^ O ^ ^ 7. ^ K #1-132 iM^±mm^^ 
-^ifct'J^^) A^bf&JP^Pm BamHI ( ^ - .j > ^- _ ) c ;^ ^ - ;Hf 
■t^ite?^ t V h *:t:n U m L . pBS185Bg Bglll C ^ d - - > L 

(pBSlSShisD. H 7 0 ), 

(2)-2 Cre-ioxP i/;^ 7^ A RHF. RHR 7' U 7 K ^ O - >(i J:^ 

Aggm^^^m^ ^ ^ -pBS185hisD ^ RHF. RHR y^ ^ ^ .j -y K ^ O - > C ^ 
n^'tl h ^ >^ 7 X 3 > t: y -;U (0.5mg/ml) W:&TX'm 2 

Ifflflay-;!.?: 5% FBS h I Mg/ml © ^ □ f-' ^ y 7 ^ ;t y ^ f,- (pj) 
in L/C PBS ( U 4ml i-Sl^ L. FACSVantage ( ^ h > - ^ 

>y # > y > ) J: U ^ L /c. MM L /c J: o ir. loxP T © M M ^ 15 ^ |a 
-I 6 i: GFPiifi^ n^^1-S(7)Tl5^^^ac L /c^fflflg?: FACST-f:fe 

iiiT'tS. GFP ^tti:-StDn5|ifflJjai|^cDV--ri'>^'=&4lH]^ijjgL/c, 

^^'t^^ig^fi^W B (1 mg/.l) RPM11640 

< /c<to)„ -^©S^. RHF ^ n - > A. ^ (i GFP PHiJiinHa^^r 98-99:^0) MJtT/iiljg 

-rs - i:^i--c- ^ RHR ^□->*^b(i±<?ia^^sT■^/^;o.^/-^ c <^ z t 

7 \ \Zm\.fz^o\:. RHF ^ □ - >^Ifcn^T {i 2 OCT) loxPc7):/,-[^j;i.'t > 
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ha^T^y-a^ 7 v ^ ^ 7j [R] -c- - S( U T fc' 'J , $5 ^ ft E ?.r ^ Jfe B 
(I ^t; -5 CD (Z M L T , RHR T' (i 2 o CO I oxP CO [S] — Sc L T 4; (5t> $e ^ 
'<0i (D m & *^ y h a ?i T ^ 2o^o^fe(^ (dicentric chromosome) t "t 
>hO;^75:f#/c^i:i/^§fefef;^ ( aceni r i c chromosome) !I -it: 6 <50 . OfJ x. . 

0) Z tii^ h . * 7. 5" A (I fcM-t 6 $E M 31 ^ <7) !f# ^ ^ ^ -t C hii^X' ^ ^ . 
m^^z , Z(D z t^^h HCF2 iae?{i-tr>hnp<7-*^D^7(?D^[ni{z|5:f:^ 
ti 5 i: M ^ -e t 5 . 

(I . FACS T' ^ D - ^ > i!/' ^ tl/c RHP 4 ^ CO 2 i7 □ — > ( SF2-21 t SF2- 
23 h Df ^ ) J5 V ^ T . IS ^ ii U \ ox? m X' A. ^ Z X Z t PGR 
cJ: ^ T iiilS L , SF2-21 i: SF2-23 h Y J l^^k ^ m L X HkT (D ^ 9 
-i ^ - ^ m^^X PGR 4 fT o „ 

PGK-1; 5'-ATAGCAGGTTTGCTCCTTCG-3' 10 3) 

GFP-1; 5'-TTCTCTCCTGCACATAGCCC-3' ( 12 ^ij # -l" 10 4) 

PGR fi. -t^ — V ;l/-tf ^ ^ ^ - i: L T Perkin-Elmer to GeneAmp9600 ^ . Taq 

rf-* U ^ 5 — if {i Ex Taq( ^ffiit)^ffi»/^./'-<'y y T— ^ dNTP( dATP. dCTP, dGTP, 
dTTP) ltmnCDt,(Dimm^i^iZ'i}^-oXm^'fz. zait, ;W^f4^{i 94"C 

l^COSft^'ttm. 98°C10#, 6rC30fJ>. 72°C1 ^ ^ 35 ■t^ 1- ^ ;i/ff o /c. U 

7 2 (I cfc o {I . z © y ^ -r — xm 600 bp PGR ^ nn {i". loxp 

H T- M ^ X. ^ - o T 5 C ^ 1^ $ n €> . ^^^mi 3 i; ,7^ L /c . Gre 
MMA^^^^^i^^i?^ — hv>7«37x^^y3 VL/Tt^^U^ RHF ^D — 
>-C' PGR m.'^ h n ^J: ^ fz(0 izn b X , SF2-21 i: SF2-23 IZ ^ i^X li. 
m 600 bp (D PGR *M§ b n /c, 

^ ^> {I . SF2-21 t SF2-23 (IjCtLT. 14q ter mmm^a-y (thl 

4#^fe{*:RMx0^7lii^?:^ttl. FITGIll^) t pGKPuro ■/ a - y ( t S 
2 2#?ftfe^^»fK-£0^M5^n;/7Ml^$:^^ttl. n-^^i^mm) ^ m 

O - ^ = > ~> ^' ^ ;U tfj ^ n /c ("E 7 4 ) . ± /c. t h 1 4 |& ^ 

■/□-y' (n-^ = >^^;U) h 2 2 ^ m <^ n m y" a - y (FITG^ 
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;U ) T' FISH ^n^f-^ ^zmiZtm~m^{>^±iZWiyj(D^U - ^f^Mn^y ^i-JU 

M ^ ^ n /c ( g! 7 4 ) „ 

iy>±ro^^:*^ <b . SF2-21 i: SF2-23 !I fcU^T ig3f#)i U cD$iM*-'iE Z U , m 

~^^^i^±i^ ^ h m$nmii^'i' ^ ^ 7. ^ - t X '^mm.B'i' ^ y X ^ - (omy^^^ 

^ tti^ H H A X ife A -HAC |g $ ti /c i: M til T' § /c „ 
1^ ^ 1" 5 h A X ^ /c -HAC CD |§ IS 

A -HAc mm(Dmmm t ± < mmiz br . cosYHZ304-igA: -cdsa b -s t 

S 2#^fe#»rit^l:: h IgH5:#t> 1 41:^fef;^if>t SC20 ±® RNR2 il {s ^ 
?^^;^:$?-©i^^?:l-1-§t: h Xxm^i^ K -HAC |g ^ 1" -5 C i: T- t 
^ T\ S ± E ( ^ IS 9 6 ) !# b ti /c *i [BI m ^ ;! Y ^ D - > ^ ;fcg 

4 #^fe#®f SC20 Wx)^ (Dmm ^i^^-^ ^ DT40 /^'f y U -y K fti^l-S. 

(1) bh2S^fef;^^>ti:14#S^fe{^^>V SC20 ^fit^M^^^jfTS 
DT40 /^ y 'J >y «y K CO if 

R ^ □ - > !i y ^ ^ h ^ i/' > S (10 Mg/ml) RPMI 1640 Y ^ 

n->«iyN^ ^'n^^ B (l mg/ml) ^ ^ RPM I 1 640 Jfe T' ^ "T -5 . 1-2 

X 1 0' f@ © M >r □ _ > ;|. g ^ ji . iffi Jfll RPM II 640 ±g J& -e 2 0 i5t ?f T 5 „ 
a»±Sife^ 0 . ? to L T 50% PEG 1500 

( ^ - U > ) 0. 5 ml ^ If in ^ . ^ 2 ^ «y h L < ?1 ^ -r „ 

tCOm. M]km RPMI1640 igtte 1 ml ^ 1 ^p^*MtT«)o < UiJD^. Mv^T^S 
ifarS RPMI1640 IgJik 9 ml 3 ^ PhI -C ijD ^ « 37^1? 1 0 ^m^mt ^ . 

^ ® m , 1 , 200 rpm T? 5 ^ P^ Ja /C.^ L . Jfil ?» ^ t» RPM I 1 640 ig ife T' 24-48 B# P^ 

« f 5 „ -e (D m , y ^ 7. h -9- i^' > s ( 1 0 tig/m 1 ) • /^ < ^' □ V f > B ( 1 

mg/ml) RPMn640 tgilfitr 32i$&- L , 24 TXig 31 ^ U - h 5 ft C ^> ■?£ L , 3-4 

Psa^ t^mt %hn tz < 7' U -y H ( RY ^ D - > i: \]f ^ ) b ^ y A DNA 
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VH3-F: 5'-AGTGAGATAAGCAGTGGATG-3' ( @E 3'"J # 10 5) 
VH3-R: 5'-GTTGTGCTACTCCCATCACT-3' ( ifi ?ij # 1 0 6 ) 

CK-F; 5*-TGGAAGGTGGATAACGCCCT-3' ( IS ?ij # -I- 10 7) 
Ck-R; 5'-TCATTCTCCTCCAACATTAGCA-3' ( IS ?^iJ # ^ 10 8) 

PGR {i, -t^- — ^ ^ — i; UT Perkin-ElmerttMCO GeneAmp9600 5: . Taq 

/t? U P< T — if (i Ex Taq( SSjt)$:ffiV^,/-^<y77-^ dNTP( dATP, dCTP. dGTP, 

dTTP) amn (D t (D ^ mm^i^ i^'^r^ X m ^ . -y- -i- ^ 94°c 

1 CD ^ ^ m , 98°C 1 0 56-60*C 30 ^J; . 72'C 30 # *: 35 -y- -f ^ ;U ff O „ 
$^)(;, t:hC0TlDNA$:•7"□-^^IffiV^XFISHt^fv^, 2:$:£Dth9^fe{* 
& ffi 3£ L « T' U T S Z ^ fit IS i" o . J-:JL ± (7) ^ ^ . RY /^ i- ^ 
,j y h-^o->:{)it h 1 2#|fefef*£D2*^'SJtLT<.^SCil?:5il?. 
-e t S . 

(2) RY /N-r7'U^yK^D->(Z3bM:^5tlh2#^fei*E^>^r«Dl 4§§^fe 
{*»f>T- SC20 ^(7)SP{4^^6*JS^ 

±ia « L T « mmmm KpT^i - v > tf-) -c^t#:fi: l /c cre 

^ ^ ^ ^ -pBS185hisD RY /n -< yj -y h' □ — h ^ > 7> 
^3i^v^3>L, (0.5(ng/ml) ^ X m 2 mfUmiRt^ 

^tDfi. 67Xigiiyu-h4*5f{lBtt^jiS«il^^?SL (24^-;!/). 

UMi^y'- ju^m^xm 1 0' fla <i 4 s s t- is « -r 6 , 

JfflflSy-;!/ ?: 5% FBS 1 Hg/ml (DyDt°5^'r7A7't'7i-y-r K (PI) 
in U fz PBS ( y >^^tf1i}g?g) 4ml {I P^33 L . FACSVantage ( ^ ^ h > • 7=" 

•y > y > ) J; ij ^ ifT u , GF? m ^ t m n ^ m mm 6^ (D V - 7- y ^' 

[Hi f J j1 -r . }^ (I . FAGS T- ^ D - ^ > ^ tl RY El3 5fe ^ P - > {I I ^ T . 

f# iin u 1 0 X p ti'.] T- -m ifk ing zT-o x\<^^zt^nm.^z pgk- i 

GFP-1 y ^ -r V — ^ ffl l> /c pgr J: o T C'tl^iT' § o „ $ (I , t; h 14q ler 
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!f?f M fl*] >^ D - 7" ( t h I 4 # ii^ M f- □ ^ 7 ?g iiSK It tli . F 1 T C .ifilj ) i: 

pGKPuro -/ u -■ y { \i h 2 m ^ i^m }-\ CD mm 5- D ?i 7 m ir^a ^ \^ ta, . u-^ 

h 2#^fef*if#^6^7"o-y^:M<'^6 FISH ^fr^ ^ <5:CJ: 'J,fWI-^^fe^*:± 
X §^ /c -HAC A^' ^ ^ n Z i: li T' t -5 , 



( H £S {?iJ 9 9 ) DT40 ^ >y K Iffl flS *^ ^ (D t: h A X ^ A . /c -HAC 5^ 
V -< — - X A 7. ^ - CHO Iffl fi& ^ (D ^ A 

^ ;^ ES laflS^ A , /c -HAC «: # A i" S /c C . BU ii£ L ^ {I * -r . CHO 
Iffl M ^ MMCT J: fj # A L /c „ 

SF2-21 SF2-23 DT40 /^ ^ 'J >y K 4 ^ ^' tl it 150 mm - 1^ 8 

T' H L . □ > 7 X > h {I /j: o B# ,'=^, T- 20% FBS. U - 7 h 'J Jfll » . lO'^M 
2-^ ;U ;^ y h X ^5? y - O. 05 Mg/ml n ;U -t 5 K y^iP L /c RPMI 1640 igJfe 
C^^L. $b{;3 6B#P^iS«UT^^7nt;U'§:Jf^^$-a:fc, IfflSS?: 24 ml 
© Ifll?f RPMI 1640 igtfe U , ^ <fc) 100 |Jg/ml U L- 'J v > T' u - h L 

T'c is ffi 25 cm- 7 7 7> n 1 2 ( n - > ^' ) c 2 ml T o ^ a L , 37°C T- 
1 B#f^JS*U.^fl&$:7^7.=l(DElI{^f«^i±/i,lS#?^^|^*U.^if) 37-C 
-C- ^ i& L +>■ -r h ;<7 7 > B (10 Mg/m 1 . S/ ^' v ) it ^ it ffi 7 7 7> □ {I 
Mt'wL. 34r. 8000 rpm. 1 B# © it ^ o /c . 5 □ -b ;U ^ ifl rf DMEM 
i^ite!" L , 8 ^m. 5Mm 7 i" ;U ^ - ir T M M L /c, If ^ . 1700 rpm, 10 
iS 'L^ L . m DMEM itil 5 m I L , - ^ . iit^ 10^ fi CD CHO la BS 

h U ■/ > i!L H i U {i L , Ifll ?f DMEM tfe T? 2 E U . *S ja r» DMEM 
igife 5 ml {I U /c, . 5 O -t ;l/ ^ 1700 rpm. 10 ii>CN U . ± rt 

^ r {I 5t CD CHO 5 m 1 # ;^)MI a il L . 51 ft . # ^ 1^ i L . 

1:1.4 PEG [5 g PEG 1000 ( 10 7^ M ^ ) . DMSO ( ^/ ^ 7 ) 1 ml ^ DMEM 6m 1 

{3 )W ] 0. 5 m 1 jjn ;l , ifi^ 2 ^> R^lli ^ <y h T' >S L < f 1^ L /c. ^ (D m . M if! 
m DMEM 1 0 ra 1 ^ 3 ^> Pp5] AMt T ^ < U iP X. . 37/^1? 1 0 ^ fJ^I fil^ IE L , 

m. >i> \k. 10% FBS in F 1 2 ig- till ( =5p y □ ) l)a I^i* 3(1 L . 24 7v ig ^ ^ 1/ - 
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h 10 :5> L . 37°C T' 24 mmmmLtz, "tCDm. G418 800 Mg/ml 

F 1 2 ig ilS (Z 3c L . 3-4 ja i5i fR a U , 

G4 18 lf'l4 ^ D — l^-/)^ h Y J DNA ^ m It, L X IgA t VH3:^j^ihffl7'^'fv — 
& O' PGK-1. GFP-1 y 7 -f V - *: ffl i,NT . 35 M i: p] ^ (D ^ fij; T' PGR ^: fT V^ . A 
-HAC *: {^^1- ^ CHO □ - > §: ^ U ( - ^ {i ^ l ^ ) . $ I" . ± 
iaPCR-C-^tt/£o/r^n->{-jitLT, t:hl4§^fefi^, 2 2§^fe-ti^i^ 
^ 6*] y □ - y ^ ^ T F I SH ^ ff V ^ 1: tl A -HAC © ^ 4 5il?< U T^c , C 

nh(D^mi}^ h , A -HAC 5: « it -r s cno mm^ a - t^-^^ ^ n/z t ^mx- ^ 

±<(^^{^L-C/c -HAC ^^^-r^* CH0^SS&i:7p-->^'X-t-5„ 



(^iSfiJ 1 0 0) CHO ib O A . «: -HAC (D ^ ^ ES m ^ ^ (D X 

A . /c -HAC ^«jt-r^#p<^v'^;^?:f^ig-rs/c(fe{;. ±ia {^mm9 

9 ) T-f# ^ n/c A . a: -HAC CHO mmt^ h ^ ^ 7. ES MMCT {C 

J; U # A -r -5 o 

^J^ib (Nature Genet. 16: 133, 1997) CD ^ fife {1 ii^ , ^ 108f@(DA, 
/c -HAC ^W^n-t^ CHOffflflS^^'b 5 i^D-tr^l/^^fML, DMEM 5 ml izm^-t , 
m 1 0' CD V 7> ES ^ffl fla TT2F ^ h U Zf -> > US, M X 0 m L . DMEM T' 3 0 
ZJt DMEM 5 m MI ^ ^ L . is U /c ^ n -t ^Kl iP ;! , 1 250 rpm "C 1 0 ^ 

/L^ L . ± rS 5: ^ ± (I m 'J 1^ < , ^ -y e > ^7' {; J; U + (5 <' U . 1 : 1 . 4 
PEG [5g PEG 1000(10 7^^,$ ^ ). 1 ml DMSO i ^' ^ ) ^ DMEM 6 ml (1 

S?]0.5ml?:ipA. *^l:^3 0#f^. +5[h^#-r-5. -^cDm. DMEM 10ml 

o < fj ip ^ , i 250 rpm T' 1 0 ^ Fe3 ii L > 30 m i O ES Jfe {I ^ L . ^ ® 
y ^ — ^ — m M ^ ^ tz M. 'i^ lOOmmS/-^' — 1/ (n— j:i>^^) S^BCtl^^^-jiU, 

tsa-t 6 , 24 mm'<^. 300 Mg/mi £7) G418 ^ ^ m i& iz ^ b . m I mmm. 

iRmm-t ^ , mmm^^ U - Y ^ A DHk LX IgX ^/-zH Ck t 

VH3 1t£Uffly^-rv-^ffl^,^-L. HiJMi: [3] (D * f^t^ T' PGR ^ O . $ b C . 

^rfTO. :i4a<b©SmA^<b. 0 li^<D t h AX^fefett^ A , « -HAC ^: ^ftf^f 1- 5 ES 
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(mii'&m 1 0 1 ) t h Axm^i^ I , K -wAc a^nt ^ / y ^ cd {'^ m 
± IE {mmm loo) x-nhn^ es iaM ^ p - > ^ t: {%m.m lo) 

^ L /i j£ T- ^ 7 ^ 7. -r 6 . ± >: L T li ICR, MCH ( B * ^ U 7 ) . 
^■5 i/Mi (^i®<l<J 67-(l)) -C'GtlL $ n/cfH{*am ^ V ^ v^^ 7.(Dm.m 
3^ is {I =1; U t# b 4a S 8 iB M MS H ffl ^ C i: 5 , a A K (I ^ ^fi 

L /cIS m ^ * n S ? V X ^ cfc 'J =ir ^ ^ * S i:" 9 ¥'J ^ c- ^ S 
{%m.m 68- (3)), M h AX^fef^ A -HAC S /c -HAC ^r^tl^'n^^i" 
-5 ESlfflflai*;i)^ib^^7^'^7>;!)M#ibn§. "T^io*,, t: hAX^fei^A -HAC 
^) 5 '.Mi /c -HAC ^ ^ n^' tli^m-r ^ ES mM^H^ :< vff^|*tl?:^^^LTV^ 

(^Bfef'Jl 0 2) t:hAX^fef*A -HAC, /c -HAC ^^iffS^^^T'^T.Jr 

^ 7 T ;^ It 5 HAC (DUn It PCR if^jT, FISH ( ^JS^J 97), ( ^ 

JS^J 98), (Tomizuka ib . Nature Genetics. 16, 133-143) (I IBic $ /c 
^CJ:'J^$tl€), ^/c, A-HAC ^^Jt-r^=¥^^V'>7.{;fc{-t6th Ig 

(i ( ^ 65 ) !Ci£ i£ ^ n ;t ^ T- it IS ^ n €) . /c -HAC ^ i^i^-T ^ ^ y ^ 
7. {I fcMt €> h I g /c $1 , li b 1 g M SI S. 0" h I g /c / ® M b €) ^ ± 

t h ^ ? © ^ ^ «i ( ^ iis 65) (I E ic ^ tv /c :5 -c- Bi i?> $ ti s . 

(^JS^Jl 0 3) thAX^fef^A -HAC, /c -HAC ?:<Sf#T§=Sr^7T't77.*^ 
<D A -HAC, /c -HAC 0 ^ M 

4 p< V 7 7. b A -HAC S. t?" a: -HAC ^ m{5M ( ^ fjiS 68-(4) ) {" 

aa iSc $ n /i f£ -e -hfe i-i f s , ^ cd iiS m , a. -hac ^> i ^ li « -h ac ^: ^ 4a ^' n ^ 

U , T- ^1 {5 31 -r -5 ^ 7. ^ If, fit 31 ^ tl S , iii T 7. ^ 1^ <B 5 HAC 
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O) PCR m m . F I Sti m ^rr ( m m m 91) ^ ( ^JiECFiJ 98). domizuka ^> . Nature 

Genetics. 16. 1 33- 1 43 ) (I 3E igj tl ;5 ffi ^ {I J: U ^ $ ^ 6 „ * . A -HAC 
h IgA $M/miI*^ ^j: 5 ^± ^j: t h m^^^O^mfi (SUiEfl^y 65) C gfi ic 

$ n X' 5i I?, $ ti , k -\i^c ^ L . "f-mi^m-r ^ -7 7. ^wnz m-f 
^ (Dm^it (nmm 60) izm-at $ ti tz :^ mr- mm n . $ c ( n 73) 

^{l^^tl^iSU.A -HAC $> S iMi /c -HAC ^r^ftU^M&jt-t-SV'^T.^^^L 

^ HAC ^ L ^ p^:&^mi^mmjka K MMB^ xm^z -o \.^x yi-^ =E X' 

A -HAC ^> ^ (i /c -HAC ^ -e n-rn^^^f l . ^ Mfsit-r s ^ ^ c 
s ^ HAC (T) s ^^it t (^ifS{?ij 68-(5)) (I fa® ^ ti/c ^Tis-cit ftf -r » ^© 

ai^vr>7s^^<i^!:jafl&Cfc|-tS^ HACiDSS^i^*^'^$tl-5, 

(^ss^yi 0 4) LiF mB'fmx'T-n^T h ^ y ^ — 3 y nfz\i h 2 2 

N''i;7.ES^M'\LIF3l{5^^T'-rOp<T h7>^ — S/3>$n;'ct: h 2 
2#§^fe#:8ffJt?:^At-5;^c<)i!)(l. CHO Iffl ^ MMCT (Ij: «J » X L . L I F it 

B^mr-T-u^^T h 5^ yr-i/ 3 >$ti/ck: h 2 2 ^m^i^m )^ ^ ?> 

— V h y DT-40 fflflSi?'0->5:iSfl ISOmmS^^ — U8«tTiI»U, :2 y y JV 
a: > h {I o B# .-^^ X' 20% FBS. 1 % — 9 h U ifiL ?! , 10-^1 2- ^ ;l/ ^ h x ^ 
y — 0. 05 Jig /ml n ;l/-tr ^ K -(^ in L RPMl 1640 C 5c ^ L , ^ 
3 6 B#P^^ « U T ^ ^ O -t ^L' ^ ff^ ^ $ -t± /c. HB 5: 24 m 1 CDlflLft RPMII640 
lgi&«l^>^U. ^«!) 100 Mg/ml W.t'U L->; i/' >-e n - h U /c ii^C^ffi 25 cm- 

7^7.3 1 2:$: (i3-^>^') (:2miro:a-aL. 3TC X' \ m rs m L . m 
h ti -y y B ( 1 0 Mg/m 1 , -y ^ ) ^'^m ^ M'bm y ^ 7. z! izm fz L , 34°c . sooo 
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rpm. \ mr^om'b ^ n ^ /-z. s. ^ d -t ji. ita hi? dmem m m iz^^m l . s Mm, 

5pm 7 ^' -(ITU L ItSlif^. 1700 rpm. 10 ^ jS L , MMm 

DMEM igiUl 5 ml (I !?gr^ L /c„ - :G . 1 0' {@ CHO 1)^ h U y v > ^ ^ C 

ct U ii^b . MMm DMEM itb T' 2 HI yit L . M ifil ?t DMEM >5 5 m 1 {I *J ^ L 

/c, M^. ^ □ -t ;U 1700 rpm. 1 0 i^- D ii L . ± ri ^ /!)^ T (I CD CHO 

mmmsmi ^m)-izmm L fz, ^'brn. mmm^m^b , i:i. 4 peg i§r^ [5 

g peg 1000 (iQTtM^). DMSO { -> C^' ^ ) 1 ml DMEM 6ml (Ij^gl] 0.5 ml ^ 
in ^ . It^ 2 ^ P^g ^ >y h T' ?g[ L < m L , ^ c7) ^ . Hi DMEM ig % 10ml 
3 ^P^;6MtT o < U jjp A. 37 jgr 10 ^r^l^M L /c. 31 .(1^^. 10%FBS 

3TCX' 24 mmi^mL fz, ^(D'ik, G418 800 Mg/ml F12 ±gite{C3Si^ L . 

3-4 iir^iiJRtS* L /c, 

G418 ifii^ □ - >:6^ b A DNA ^rftait L T Ig/l . D22S315, D22S272. 
D22S278 -l^ttjffiy^-rv-i: Puro-1, LIF-1 ^ ^ ^ - ffl V^T PGR 5: o /c 
(.^sb. Nucleic Acid Research, 26:3447-3448, 1998), ^ CO ^ M , ^ J© 
ii U D22S272, D22S278 <D 2 ^ (D ^ - tl it^iH ^ tl r> tz i)i . fife O - ^ (i 
± Tl^m ^ tl/c, $ h h COTl DNA y □ - y i: pGKPuro ^ O - y ^ ^ t,^ 

TFISH$:fTo/c<!:::5. t:h2 2#^fe^^^>V2^AJ'KilF$nTfefJ. -eo 
^ ° ^ 7 — JflS {Z pGKPu ro 7" n - 7' ^ (7) i/ ^' ^ ;U ^ ^ $ n , Cin cD 
Jg:^^^, LIF it{5^J^T'T-D;><7b^>y-S'3 >^n/ik: h 2 2#^fe#: 
®f >t ^ 2 i- ^ CHO Iffl ^ □ - > ^ n ^ ilS si T- t /c, 

(^IS^iJlOS) t h 14§^fe{*»TJt (SC20)=& {^^i- 5 I^^Eftjjti^MIM, /c tl ^ 
it V TvESJffljia/sco t: h 22#^fei=^if (C68)c7)# A 

^ 0y 6 1 - ( 1 ) =2 ic $ /c fife T ^ ft $ n 1*1 'It m m m ]St 6'=^ /c li ^i^i 

m>6^o t h 14#|^fe|$Bf >t (SC20) {!R f?f 1- S v-^ 7. ESfffl a-t* HKD2- 1 (I ( ^ M fi»J 
83) X-mm $ n/c t h 22#^j^fi- f;^rri^- (G68) ^ 5 ^ O -t >i (I J; U # A U /c . 

^ fjt Jill iM i: L T (mmm\04) xmm-^ nfz\i h zz^m^i^m }\ ^i-j^u 
m-r ^cwomm^ a - > ces-e *: m i,^ /c ^ ^ v^ t ( 2^ m 35) (; itK $ n /c ^ 
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^ ffl <- ^ . c7) fe5 'fij <b n /c e - p V < i/ > . G4 1 8, zmmi'im, nlh ( ciio i ) 
II o i ^ -r pcRM w ff I V m xik&i^m y\ (DBi^ ^ mm L aam l tzz^ ^ 

-r V - 14# fe f*:rr >i O ^<^ T (iD14S543 ( §gite^J68)« 22§ §1^ f;^ {I o T 
{i Ig A t/D22S315(D2.M (?gliis0iJ2) cDatSMT ^^, ^ CD , NLH(CHOl)^* 

c So T 3M T CD ^ - 77 - (D # 75i' ffi I?. ^ n /c. $ b h h -^^^^^m&!}y 
n - ^ m fz ¥ \ sm m n ^ rz (nmmes), 50m (Dmm.^mmL tz^^§k, 
4om (9oj$) <D^t5 fc^ T 7" □ - 7' (I y u ^-r x t -5 a 31 l 2;$: cd ^ 

{*»f>^-7i^■^^$t^/c,2^^Da^fe^*®fj^!i■?■tl-f•'tlt h 14#^fef*^Jt(SC20). 
t h 22# ^fef^rr>T- (C68) i: # ^ f> . i-^^*,. MLH(CH01);^{il4§^fe{* 
»f;t (SC20):Rt>'22§^fe#»f>T- (C68) [Bj Bt (- fSJt-t § :i t ^ tl tz , 

immmiOG) M h 14#^ fef*:if >i- (SC20)25: 0^" 11 h 2 2 # ^ »f ( C68 ) <S 

( ^fiSi^iJ 105) T-^t# ^ tl/c V 7> ESiiifflfla^NLH(CHOl);!)^ bCD^^ ^^'^'T^f^ 

(D) T'fii3l$n7'cfjt^*:glly>y^77T^ hV'^7>©if£i3ciB!I=):iJ^#6n?'c8 
mmmB^ m^^fz, tf-307f@cD-/iAffi ^ U /cM^. 32EtD^^ 7> ;6^'^± 

U /i, =ir ^ ^ fi^* (i^: fe *5 T ?s ( ICR) S *CD e CD cfi C TT2^ flS E& * (D 

© i4 ( ) A^' IS <to ti s *^ i:" ^ ct 'J ^ $ n o . ^ ± b 32E cD ^ ^ 

fe{-BJ.b*W;^iife(D^)S. -r^C^b-fcj, ES^fflM CD S CD I? i?) b tl 5 {I i*: {i 14 
Z(D^^^ i) . 14#^fef*if it (SC20)S.?>' (1 h 22^m^i^m 
>i ( C68) «: il 0t (I -iS 3^ i- o F*g .tt l4 m S $1 , a: II 31 {5 ^ JM V 7 ;^ ESSl 1* 
NLH(CHOl) {i ^ 7 ff^^tl L T 1.^ -5 « "T ;b ^ ^ X {i f^s: iD IE ^ *I St «I 

-r 5 * ^ ^ L X I- ^ -5 w i: *s Si $ n 7^;, 
;im6~103l^CDNLH(CH01)*5fe^;< ^vO>^J:'Jf;glfllL.lfiLmcf'CD^Mt: h 



t h /u Si!! . y fli t>' A S,^ =^ ;^ ^ ^ 7. tfll riS (lio I- - r tLi ^ n /r , )a a m 
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^^^^^ 

$ n S ^ ± h h fix f* 5^ ? h h mm t -7 0 7. X $^ J: U fiJc ^ n S -r ^ 'J >y 

h 'J DT-40^ffl b fz \1 h *J T 9 7. fim* (Z T .|S L , X t h 

^ fe ± © H h 31 {5 ^ C n - K $ n 5 ^ > /'^ ^7 M ^ m 1" o z i: /i^' fit I?- ^ 

'^T./i^ibO C68 ( ^ 68- (4) ) Ci£ Jfe $ ;K 

;!)^' Si il ^ ti 5 , ^f^T 7.m^L{ifcM:t^ c&s m n (Dum i± ?CR . fish 

^iT (^5£^J 105) J: U .T^ $ , $ c> il. ^i^v 14 

E§T>t (SC20) ^ L^mBm-n> -7 ^ 7.^^ t i^Mi-^ ^ z t ^ <) ^ ces ^ 
jt. SC20 m)^ immiz^^t '^7 7. (ces+sczo) ^ t# c *^*t- ^ 

^ 7« (C68 + SC20){; (t 5 b h Iglil. Ig t: h IgXII/ 

mii*^ e 0 t h (i ( ^fis^ij 65) {I laic ^ n/i ^iST- 

m.29 

Mi^^ t: h h h Y mil h A 01 7. A II (mg/ 1 ) 



C-1 


840 


90 


1300 


150 


c-3 


560 


170 


470 


170 


C-12 


980 


650 


1700 


440 



(^fiisfi^j 107) t h li^m^i^m ^ (sc2o);Rt; t h 2 2 ^m^i=^m }^ (ces)^:^ 
^ iH^^ini^m^^. K m'MiK^ xm^ T^Esmii^ ^ ^&^±^ ^ 7.^^B 

iz iii. X L X i'^ U n tz ^ ^ y ^ 0 7. i)^ h (D HShn M ^ \i h fit M ± ^ W U K 
- V £R t# 

( §lJ!iE{JfJ 106) -Cfl^iJ $ n/r =^ 7^ -7 V XC-10 (NLH(CHOl) EtH ifc. =^ 7 ^ 
20%) (I L T HSA «; i S it ^ fT o . PBS il ;g « L /c t K J/IL ri^ T "7' ^ >( HSA, 
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^' V . A3782) i: T V y-s > h ( T i le rMaxGo I d. Cytrx)i:^jg^LTO. 25mg/ml 
(DHSAi^r^ 4 mgl L . -tCOO.lSm 1 §: JS: T If 3fSf ;Tr (I ^ 0. 05ml o o 20 U 
/i„ 3fef^7)ll^ {; ID IhI ^fe^ L ^ i?) 21 H m «i 20 @ CD fr o /c. (||fiiEfi?iJ61) 

(^i)S<5>J66) lOO^g ^IR L Ifam * t7)JnHSAMf*^ig ^ iPJl^ 

U/c, III75(Cg^i-, faHSAt h iji{*?MJt(D±#7t)^"fii!S$ ti/c/c(ft. $ c, 

t m ±ir a - y ^ m tz . 



( ^Sfefi^J 106) T-f^M $ n/c ^ ^ ^ XC-12(NLH(CH01) * ^ ^ ^99%) 
©RM cfc 'J (Tomizukaib , Nature Genet i cs, 16. 1 33- 1 43) {; IS ^ n t^c j£ T' 

FISHg?|fr {i (Tomizukatj , hu IS ) S£ ^ T , SOM Wi ^ ^ L fz 3^ . 

k h COT- lyD-yi:y^-t' y V ^fXi-€.2:$:t7)3te3:U/c^fe#:?:^t'^tS{i 
21^ (42%) ^ w tD2^(75^fef*if >t Ji^n-mi4#:S^fef*if >n (SC20), 
22§^fe^^»f it (C68) % ;i ^6 , ^ *o . ^ M ^ p< ^ T -t? 7. 13 flg {Z fc^ 
v^ X 2M (73 ^ fe iff Z)^' ^ ^ n €> Z i: ^ s n /i , 

(^5S^J 109) k h 14#2fefe{^gp^^)t:&t>'k h 22#^fe^gp^rT>t4^ 

A L T ilJ ^ L ^ ^ V X Tt)^ ib ® M M M ( GM2 ) {I 1" -5 5t t h fit 

^^^^^y^;~H~^~(:D-qx"ti 

( ^ JS flfJ 84 - ( 3 ) ) T' t§ /i /N < y U K - V 96we 11 y — S -fe jIU ^ T G4 1 8 
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^^rx'MiRmmL. ^(Dtp<mm^P(^mi-^^^{%mm 84- i 3 )) izvt^^ elisa 
'J K-T 11 D->it/,, t^m±m^(Dtrii^^^ elisa iz^>)mifrL. mh 

ti /c ^ y ^ o - ;U|^t f;^ ^i- GM2 (- IS ^ 1- -5 C i: ^ jl IS L T^c , 

(^M^J 110) h h 141:^fef*gp^^;tSO't h 2#^fef*a5^^;t^«}^ 
t-5f^ffiitmf*SSI. lim^av^7.*^e>CDlilIfitii (asialo-GMl) (3 M f 

(^S£^J85) TM^M^ti/c Tcv^;.HK232(3MUT. as i a 1 o-GM 1 (i J: 5 
^^$:fTo/c. 7S;^/^>h (MPL.TDMEmulsion. R I B II mmunochem Re se arch 
Inc., R-700) 2ml CD ^ □ □ A • ^ y - (2:1) izmBLf., 2n.l 

np.1-wUA • ^ (2:i) r^mmLf. Img O as i a 1 o-GMl ( ISOSEP AB. 

65/12) ttg^L/c, U^mmi±7.m7y7.:2r.^L. a-^v-x.A:iiu 

iZX^m^ittz. PBS i 2m\ ^in L/c'^ Vortex ^ ^ V - ^ m T b < 

mi^L^ mmm^mmLft (Gg4-RiBi), 0.2.1 ^v^t^m^^z soo^g 

OMv^;. CD40M<^:i:i:t{z^SL/c, 1 31 m ii ifii ^ . (mmmSA) 

^mmizmm^i^L. iHBtd g ©m^x. n il-g $:^t l /r„ m 
3 B^ikizmm^^'jiUL. i^mm24) iz^^.^mmm^L. .^^yu 

K-V$rf^ML/.,96weIl yu - S §:ffl,^-cG4I8*5.^{i G4 1 8 i: pu romyc i n 
#«TT'ii5^±SaL. ^©JS«7t^.©J;t{*^ (^BSfi»J84) C t;^ v^ ELI SA T 
^ U - - > ^ . ^ /c O.lSmg CD asialo-GMl t 1.5rag (D 

Galactocerebroside t 1 . 5mg ® cholesterol 5: 2nil CD^ □ □ * ;^ A • ^ ^ y 
(2:1) lOO.iCDPBStC^^^L ELISA yu-h(, 

iwell ^/.U 100^1 ^-aLS^HbL/c^ ^ L y l. - k ^ ELISA 
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we 1 1 to *H] IKa ^7 D - :^ > y 0 , m as i a 1 o-GM 1 t: h I gM fa f^f: ^ -T 7' 
U K-vig3l±nt?: WW m m m Td t ^ Jit- ^ ±t y a -- ^ h ^ h V — iz ^ ') M 

rru/cisiii. HIV ^^mmmmizkt^ m^mm^z ^ i) m^-r ^ ^ ^ a - 
i- m. ± m y-^ y V k - v i ^7 d - > ^ t# /c, 

i:X±(Dm^J: <) ^^yjU Tc v 7. (I fo^ V^ T H SI fit H ^ S Asialo-GMl C 
^ i" -5 ^ t; h m M ifc /^ -r 7' U K - ^ 7!)M# b n -S ^ > ^ ^ ti , t# t> 
b h fit f* !i H 1 V /j; t' CD >^ # /\ (D *ij ffi ^ f# ^ n S „ 

(^StE^y 111) \1 h 14#§^fe#:gl5^tgf>V5:t>'t h 2#§^fef^gP:a-^>ir^^J# 
^ P^&'\ttAi^MiM . t^M^i^^ 7^ i)^ h CO \:1 h TNF-a(Z?fr-5^±t hfit 
M ^ 7' U K - V CD t# 
( ^56150 85)T-f^S^ $ n 8 jl ift 60 Tc^ ^ 7. HR492 {- ^ L T , ( ^JS^iJ 84) 
( ^iSfd 85) CDIo miZ'^i.^ ^ t h TNF- a ^ L /^ -f ^ U h' — U /'c, 

PBS !r i§® L /c TNF- a i^rig [1] ft <D T y a. > h ( T i t e r Max Go 1 d. CytRx) 
i: ^ L 1 E ^ f J 25 ^ g ^ 5S L . ^ 80 H C ;b /c o T 2 3 il Pi 

T- ^ s ^: ff o M . >g ± # Si E $ n Ac (it) , T^F- a mM(D ^ i m 
mizmm^^ L . (mn&m 86 ) c tj^ ^ t /^ -f y u k - v ^ m u /c, m 

It •^7 X m ^ ^ □ - ^ > i7' L > m TNF- a H h 1 gG/ /c M M i /^ ^ U K 

* Itffl » -C- 51 ^ U /c -C TiJ ?T ti , 1^ fc^ J; t>' tti )!g ^ ^ ^ # % t 

^^^-'^s': 

* ^ m J: U . i!^ - ^ <i (0 ^1- il^ ^ f;*: ^ /i !i ^ rr >t ^: f^f L . 
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* ^ C cfc U , ^> 4 < i: t; 2 M CO H 14 ii f5 ? 75^' 5g $ n T i.^ -5 ^ -fk g| 

U< 't:(Dm^ t L X <D ^ m m ^ ^ WM-T ?> Z tiJ^X ^ ^ ^ 
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m ^ (D m m 



1. ^ ^ ^ n fz ^ ^ m ^ $> ^ ^ut (D m )^ u ^ ^ ?> m m CD i"? m: :^ m X' 

( b ) tu IB ffl [p] M 55!) ^ <D V ^ ^tffl ^ {I ^ T > lu IB ^ 3fe §fe ^> S V Mi 
^ CD »f it <7) m M © ^5 & . S / 3Z. (i HU IS ffi M ^ ^ m CD Jiffl J3§ {z 4 ^ 

if A 1- S C h !; j: (J . BU IH Fff M © as ^ - ^ > ^- ^ M -r X a « ib^ J; a' 
( c ) M §H Ifl ^ ;l ^ CD ie ^ flS V^ T , HU IS ^1- * ^ ^ -5 (i 

-e CD )t CD ^ - > ^' ^ L /c gp IS: {I felt 5 ^ ^ ± t>' / * /c (i Ie 5: 
^ if L (ID -5 X 11 

6 ^ t.* lu la :S" ?£ . 

2. xg (a) ijcfct; (b) imfzm^(Dmmm.m^mm(Dm^^mm^± 
BMrn-^ L fzm. Jim (c) $:^foit*iiiHa$gcD;5-}£. 

3. m ^ CD m \^ mm ^ ^ih m (D m m M . ^^•5^*^fe<^$)§vN{i^(D 
^^t^^i^-rs fecDT-$)S»*Ji 2 lamcDS-is, 

4.35c^$n/c^*^fef*^sv^{i:ecD»fK-4^^^^-rs^flS*^liJit^^iflgT' 
*5it*]g 1 ie«jcD^js, 

6 . m^mMi)^\:: hiiK^(Dm'^cDm^X'$)^m^m4id,m.<Dy^-&^ 

7 . ^7 - y 7^ ^' > ^' ^ /7 ^ _ ^ □ ^ y |g ^ ^ ^ 1^ ^ _ y ^ ^ ^' ^ 

^ - CD if A (I ct U Bu Sa X n ^ 7 S2 *i pif M CD gp ffi {I ^ A ^ n -5 It * ^ 

1 la «c CD ^ & , 

8. ^ n ^ 7 m (D m X ^ n tz ^ iiL X ^ ^ ^ ^ L ib ^ m m m 2m m (D 1j 

^ ^ - y 5^ > ^' ^ ^ ^ - CD # A {I J: U nu na as fu '-f^ IUSs ;i |g CD 
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WO 00/10383 

^ ^ sb ^ m >!^m 9 Mim CD ^ m , 

5 iS ^ JI 1 0 12 m CD ^ , 

13. ^mcD^^iiH^ X' ?>m^mi2BmcD:^m, 

18. SP&^tMS^Mgl^^^^lSiige^O^'L 0 X PE^.JT'$>6if*l|9i2 

is ® 

22. ^^*i=tt>'/S/cJi$5^^^t;/c^^^fe^^:^^,.,i^^^^^^ 

24. ^-^-iif«^;&^-;ty>^^y*3^cOi|5ifelg3fe^>/^>7M (green 
fluorescent protein) ^ ? ^ § ^Mi ^ <7) ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^2 
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25. 515 tfe a * 5 t ^ (i -g- O rr >t 75^' t: h S 3^ T- ^ 5 It Ig ] B ^ CD m . 

26. cS^^n/z^1-ife2?^fef*^€.t^li■r•^Drr>^^$:^^-r5^^ ^ H h IS CD M ^ }£ 

(b) H^)IHtg|5IM^$x.^iJ^(7)iS^,^|i8^J!a{zfcH^-c. Bu lE^^S^fei^ 5 (i^ CD 
McDgPia. :^t^VX{iiuiE^@[^M^^?iJ^^D^|.^ijfflfla{Ii^i-5g^fe#:<DmM^DgP^2: 

U^^^-^#Ai-SC i: C J: U . lu IS f/f M (D gp v - 

> ^' ^ is-r XS. 

(c) luiS^g|lI,m^^^iJ*£DiSl^^iBlBS(;fen^T. Bul£^*g^fe#:^>-5<.^{i^(D»r>T-cDv 

-^^i^'^Mutz^&izisii ^x^^ ^ tf y ^tz itmm ^ ±-tf u 5 xs, ^ j; t>' 

(d) iuiB^D:X^S/c^igJ|g^^b/c^*a^fe#:^,Sv^(i^(Dff>f^-?:^0? ^7 o-t;!/?: 

^ t.' §u iH:^?^ . 

27. X g ( a ) j: ■( b ) ^ /c ^ igl cD lU M ^ yj) ^ © S v^ iB 1^ ^ ± 
fflflaii^L;^cm, XH (c) fT ^ IS^lI26fS® CD^5£, 

28. ^I i& (D ffi I^Ili^ ^ ?A ^ CD ^ V^ *ffl Ji§ m S ^ ^ ^ ^ S V^ (i CD 
i^>i-?:«it-r€.t,cDT'^)5 it ^ 11 27fE tfe O ^ j*. 

^ ^ - CD if A J: U BU IE 5^ □ ^ ^ SE ^ij Fir M cD gp fir ^ A ^ ti -5 It * JS 
26ia ic CD 55- . 

30. ^n^ ^S2^J^^*A^ti/cgPfe(lj«:^^^-tfL<fe-5ft*Jl29iatgCD 

31. ^ - y ^ -1- > y ^ ^ ^ - t!)^' fe <^ ^ 6*1 m ^ ^ ^ CD Ig li iE ^ij ^ ^ , 

^ >/7'/>c^^_<7)^iPA«icJ: 'JBUiagPf2!^M6*],m^x^^cDIS 

iriETU^^l^f^M^gPTiTti^-X^— ^S^iT}^-JS-2-61E~©-^^ 

32. ^ iiLn n &^ m.i^ ^ m m 0) g'imm^^i ^ ^ V 9 - Y 7- -< > ^-^^ ^ - (d 
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lip A i: [5] n?F {c ^> ^ v Mi ii? A (I . ^ &.n ^ m m ^ m m ^ m m X' ^ -s ^ ^ 

tt 5: ^ m -t± L (to 5 d i: (c J: <J . SP ffi !^ S M gJ- ^ P ^ O !S M ?'J 1£ A $ 

tl gp {I fc^ T ^ 5!^ ^ #: ^) S I- ^ CD ^ ^ © ^ *9 J: t>' / S (i $5 
JH $: ^ if L <?) 5 It >1< JI 3 1 IS m CD j£ , 

33 . ^ ^M.^CO^^m^i^$>^\Ut^(Dmn(Dm'U'n^tl^t(DX$> 
€. It *Ji32ia^cD;5-}£ , 

^ ^-t ^ (D mx' ^ n t, (Dx- $) ^ m ^JM.32Bm CD :B 

35. gpfeit^fitjffigi^p^^^'c r e mmx' $> ^ m ^^3itim(Dyj m, 

36 . It m W M gl ^ ^ £D gg ?ij *i L o X P SB 3^<J T- § ft ^ Jg 3 1 E 
CD ^ . 

37. tB I^M^ A CD l^ SfflflS ;6J)Eftl^^^fla (ES^aSS) X- * -5 ft * ^ 26 
IB «t CD , 

38. |WIM^ X.?ij^CDi^ V^|ffliS;^)S - 7 h UDT-40|fflSS T' ^ S ft ^ Jg 26 IS CD 
0*EBJ8&?:3ia-rSXS$:$b{C^i.'It^Jl26iamcD^i£. 

t.^ mmcomt^^K - ti - m b ^ <d -^m m -d < (dx $> mmm39=im 

41. - - mB'^i)^mmm^m{i,^x h ^m^m.A{)%im(Di5 

42. ^'-*-ji^5?*^'7|-7>i7^ys^a)#fe^5t37>^^^M (green 
fluorescent protein) it ? ^) VMi ^ CD ^ it {5 ^ T' ^) S It ^ JI 40 

le it o :6r , 

43. X^(d) {i*dI.n-C. ^i[WlM^;l5fJ]^£Di^i^|fflM;&^^5i7P-tr;U^{'P 

/i ^ 5lt Ife fe S ^ £D rr >^ ^ CHOJffl fla A L . -t^^^X , |^ CHOI^ll M 

f>^^D-fe;U$:f^E{L> fl^5^n-t;UhcDi!fe^{iJ:U, jjoaai^-:fefeJ:t>'/ 
* /c (i M ^ ^ b :5'1- ife ^ S vMi CD rr Jt 5: {k ^ 6g ^ I5i It t- 
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5 JDI 1153 (I ^ A ^ -tt S di ri 26 3£ 100 CD ;^ ?S , 

(a) ^*^fe^^i)Si,Mi^cD®f>T-?:^t'^ ^ n-tr;U?:f'^S!iL. 1^ 5 ^ p -tr ;i/ i: cD 111 
> ^"^ ffi f Xg. 

(d) 0ui2tD^^*5 =}; * 7^c{ilEj^$:^D/i^^^fe<*:^Si,N{i^cD®f>t 

(e) BUia^^H h li^*5fecD*fflMcD^ mSCD^f t hSjI^cDI^:^ U/c^Sffi9|3(-^M 

i-€>xg 

47. xg (a) (b) ^m/^m.^(Dm^f^K^^%mom^^ms^^± 

lfflSSl4^L/cm. XH (c) fT o st^Jl46iaacD:6-}£, 

48. m ^ CD m mi^ X 9i m (D m m m . s s * ^) s cd 

if>ti?:^^T^ feCDT'*Sff*JM47i2®tD:S"fe, 

49 . ^ - y X > ^' ^ ^ - A^' ^ O ^ T IB ^ij ^ ^ , 1^ ^ - y 5^ ^ > ^' ^ 

^5? - CD A i g Hu IS ^ D ^ T Mi^'i i)"^ pif m (D ^ iinz m X ^ n ^ m m IK 
^emm (D If m . 
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51. 9 - f =r ^ > ^" ^ ^ ^ - ffi # ^ 6<] M X SI ^ CD I?, si @2 ?ij ^ . 
1^ 5? - y X ^ > y ^ ^ ^ - (D # A (I ck U BU iB SP fir f# M 6*J M A ^ ^ CD I?, 
li S2 ?'J p/f M CO gp ffi (I ^ A $ n 5 It ^ JR 46 IE ^ CD , 

52 . gp fir !f# ^ 6*1 M ^ A # ^ (7) l?> li Sa ^'J 5: ^ O ^ - y x -f > ^" ^ - O 
ifAi: (lIBtli$)6i.^{iJi?Am(-. gPffi!^^6^ffi^;^P^=S:^IlT't 

^ - ^ ffl (III ^ ^ ¥ 0) t,^ fffl Jia (I # A L , mi IB gP {2 !f# ^ fi*] ,m X. ^ ^ ?S 
i± ^ ^ -y: U <!?) S C i: (I J: U , gP ia ^ 6*] M 1^ A P ^ O I?. IS IB J-iJ # A ^ 

n T^c gP fit (I v^ X ^ ^fe ^ * €) V> (i CD »f >^ CD ^ ^ « .i: a' / ^ /c li 15 
^^^^'U«!t)€>l»^lM51iaicCD^}£. 

53. Ie^^J, ^^^^D^3fe^fe#:$)Sv^{i•5•CD^jtcDr^-e^T^tl^t;^DX'^) 
SiS^^Ig521BmcD^j£, 

54. ^*^fe^^*€.v^{i^cDif;ti:^g[^ffi^A.a^(Dai.^iifflfla(; 
*^1-€>^fe#:OF^X'tft3tl'5t-CDX'*'5IS*^52iB$fecD^}£, 

55. gPfir#^S*j|I^^®^^AiC r eSi^X*-5lt*Jl51iB$!c0^j£, 

56. gP iff M 6^ M ^ ^ ^ CO I?, 1^ SB JFiJ *i L o X P SB ^ij X- ^ 5 It * JI 5 1 IB 

o . 

57. ^n^^ 7^^%^(hm^^mm.-b^M.'^^mU (ESIilS) X-S>-5lt*^46 

IB it CD , 

58. ffi m A $il ^ (D ^ V^ $ffl JSa - 7 h U DT-40|ffl flS T' ^ -5 if * Jl46iEm (D 

59. ^ ^ « ct 6"^' / ^ /c (i f5 ^ ^: & b ^ ^fe ^ #: i> § {i ^ if Jt ^ 
O fffl M M T 5 X II ^ f> ^ ft * ^ 4613 it ® . 

60. X^*^J:t>'/^/c^ilEJ^$:^b/c^^^fe^^:^,5v^{i^CDif>^?:^ 
0|ifflSa©3ia*^ ^-;^-il(S^co^]^ilSo< fecOX-^j-SfS^Jg 59iB it 

cd:5-2£. 

61. V — ;^ - 31 ? ^ if it {5 X i> S It * ® 60 IB it CO & , 

62. ^-;^-®e?A5;;t7>^^>5r-S3|^tD$Sfem3t^>/^^M ( green 
fluorescent protein) aI {5 ? 5 i^Mi (D a$C ^ f;^ it ^ X S ft >}< Jg 60 
SB it CD , 

63 . X S ( d ) tr *D X . IB [HJ M ^- X. 'X/J $ (D l ^ fJH M ^ ^ D -t >'U 5: {If 
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L . 8^ 5 i7 □ -t ;U i: ii! ^ J: (J . hu IE ^ 5^ fc" J: t>' / * /c |£ M ^ ^ b 

fz9\-^p(k^it $> it^ (Dm )^ ^ cHomm ^ X L . nx^^x-. mcnomji&f)^ 
as c A ^ it 6 IS II 46ia m(D:G 'm, 

64. hii ifei i ^ £D iji fls iii^ fzitM mm (Dm mm wc $> ^ in >^ 

iM46iE«4 0:6- jfe, 

]^46iam©;5-?£, 

67. ^^m&i^&^^Ut^CDmni!}^}:! hS^T^)S|t*]S46iH«t£D:6-?£. 

-f ^^^\^ h mm, 

( i ) X' - ^ - it ? J: 7^ o ^ T is > ct / ^ Ji 

( i i ) si^iiL'mmmm.m^mm(Dmmmjii 

?:^-t€)t.tOT'^5fS*^68ia«c®^^t h , 

^mm^^i^i^-ri>$^\:: h mm, 

71. 

( i ) - ;^ - 51 ^ ? cfc th' ■T^ n p{ 7 BE . ck /" S /c ti 

( i i ) ^{tL'^i^ mmm.^ ^mm (ommmm 
?:#i-st-cDT'$)5if*JS 7oia ■© £D # b h mm, 

it^^70ia®cDi^ii hmm, 

73. h *^-e^)SsS*JS70fa®c(^^^t: hSitl. 

74. m.ikX^^m'&i:^f}^\l h 1 4 ^m^i^t t h 2 §^fef*:S5RT'«)-5iS*I170iE® 

'ww^vrnw, — ^ 

75. m.^^9\-^yk^Wi3i\:L V 1 4 t: h 2 2 jI^T-^) 6 fiS*Jl70aa 
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76 . ,m ^ ^ ^ 5fe ^ t: h iJi {* m SI Ji ^ i: $1 m /I it e ? ^ ^ IS * 

IS 70iH ® CD hmm. 

11. m.^ ^^^ m^wti^\i K m m $1 it f£ ? i: $5 m /c is ? ^ ^ It 
Ji 7015 it CO n Ymm, 

78. T >^;^T'^)Slt^Jl70Ei!$(D#t: hiijtl, 

79. ^mMT-*5|f^Jl70iBI!c©#t: hiftij. 

80. ^ t^X'h^m>^-s^imwL<^t^\Lvmm. 

81. t >yi>'T-$)Sst*Jl70fEifecD#t hlitl, 

82. ^^X'h^m^'^imwL(D^^\ivm^, 

83. -7 h U -C'^)€.fS*Jl70iBlfe<D^^li Mfltl. 

84. ^fe^*^>5v^li^^D»f)^^:)::^ ^ XJ / % tz {i$5JlC=k 

( i ) -7 - ^ - 31 ? ck X o p< T 12 ^ij . cfc t/ / S /c (i 
( i i ) gP iu 1^ ^ S*J M ^ ^ P ^ CD I?, it id ^ij 

85. lifflSS'^iT'^ ^ * § v^ ^ (D irit 3t ^ -t €> T' o r . T E 

■^r;^^^Dl!tl^(IJ:u^sllm^x.?i)^cD;i^,^lfflgs^l^^la^^^fe^**5v^ 

(i^CD^>t?:^A$-a--5IfM, 

( b ) BU IS ifg 1^ It ^ ^ ^il $ (D 1.^ lEB {I IN T . BU HE ^ 5fe ^ * S i/Mi 

1-5^fe^cDp;fM®gi5ffi(l^B|^M^^{C<i: fj ^-y-f-f y ^ <? 
if A -r 5 C i: {z J: U . sy IS p/f M (D gp fi {- v - :3r > i?' Si£ T X ^1 , « J: 
( c ) BU E I5] M ^ A ?i} ^ <D S VN iB lis «i *i VN T . HU IS ^ ^ ^ * -5 VN 
^ CD rr CD -7 - dp > ^ ^ fiS L fcM:^ ^ ^ ^ ^ /c (i Ie ^ =fc ^tE if U <st) 

^ ^ Hu SB ^ „ 
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86. t h 1 4 6 2 1 SS^fe|*ii3feCD-t > h P ^ T K ?iJ ck C^'gPffiift ^ M ffigl 
;^ P ^ to IS iS^ S2 3?'J # t; A X ^ fe ^ tS? - , 

( i ) V - ;<7 - 31 {5 ? ck t>' 5^ o pi 7 SB ?iJ . J; t>' / * /c {i 
( i i ) gp !^ ^ «I M ^ ^ ^ ^ CD IS f 1 IB ?ij 

5fe * S v^{i5fefe^^:»f;t, 

89. tl h 1 4S^fe^^»fJtfccl;t>'t h 2 2#§fefe{*»f>t?:^t»if*^88 

90. t h 1 4#^fe<*^>^tjj:t>'t h 2 ^m^^m )^ ^ t^mmmssm 

91. t: hMi^MIIite^iickO't: hM^^amA3a^S^$:^t»i»*JS88fa 

92. t hfit<^filI3i&^*5J;r>'h hi5i#:@m/c3ie^4:^L>ft*Jl88fS 
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SEQUENCE LISTING 
<110> KIRIN BEER KABUSHIKI KAISHA 

<120> Method for Modifying Chromosomes or Fragments Thereof 
<130> PH-681-PCT 

<150> JP 10-236169 
<151> 1998-08-21 

<160> 108 

<170> Patentin Ver. 2.0 

<210> 1 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 1 

tggaaggtgg ataacgccct 20 

<210> 2 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 2 

tcattctcct ccaacattag ca 22 
<210> 3 
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<211> 20 
<212> DNA 

<212> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 



<400> 3 



gcaatcggtc tgccggaaga 



20 



<210> 4 

<211> 20 

<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 4 

ttggatcact ttggacccag 20 

<210> 5 

<2I1> 20 

<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<210> 6 

<211> 22 

<212> DNA 

<212> Artificial S equence 
<220> 



<400> 5 



ctctcctgca gggccagtca 



20 
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<223> Description of Artificial Sequence: Primer 



<400> 6 



tgctgatggt gagagtgaac to 



22 



<210> 7 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 7 

agtcagggca ttagcagtgc 20 

<210> 8 

<211> 20 

<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<210> 9 

<211> 20 

<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<40Q> 9 

tggtggctga aagctaagaa 20 



<400> 8 



gctgctgatg gtgagagtga 



20 
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<210> 10 

<211> 20 

<212> DMA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 10 

ccagaagaat ggtgtcatta 20 

<210> 11 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 11 

tccaggttct gcagagcaag 20 

<210> 12 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 12 

tgtagttgga ggccatgtcc 20 

<210> 13 
<211> 20 
<212> DNA 



<212> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Primer 
<400> 13 

ccccacccat gatccagtac 20 

<210> 14 
<211> 20 
<2I2> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 14 

gccctcagaa gacgaagcag 20 

<210> 15 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 15 

gagagttgca gaaggggtga ct 22 

<210> 16 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 16 

ggagaccacc aaaccctcca aa 22 
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<210> 17 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 17 

ggctatgggg acctgggctg 20 

<210> 18 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 18 

cagagacaca ggcacgtaga ag 22 

<210> 19 

<211> 20 

<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<400> 19 

ttaagggtca cccagagact 20 

<210> 20 

<211> 20 

<212> DNA 

<212> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Primer 
<400> 20 

tgtagttgga ggccatgtcc 20 

<210> 21 

<211> 20 

<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 21 

caaaaagtcc aaccctatca 20 

<210> 22 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 22 

gccctcagaa gacgaagcag 20 

<210> 23 

<211> 20 

<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 23 
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tcgttcctgt cgaggatgaa 



20 



<210> 24 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 24 

tcactccgaa gctgcctttc 20 

<210> 25 
<211> 21 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<210> 26 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 26 

tcatctgtaa atccagcagt 20 

<210> 27 

<211> 20 
<212> DNA 



<400> 25 



atgtacagga tgcaactcct g 



21 
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<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 27 

gatcccatcg cagctaccgc 

<210> 28 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 28 

ttcgccgagt agtcgcacgg 

<210> 29 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 29 

gatgaactag tccaggtgag tt 

<210> 30 
<2Il> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
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<400> 30 

ccttttggct tctactcctt ca 22 

<210> 31 
<21I> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Descript ion of Artificial Sequence: Primer 
<400> 31 

atagagggta cccactctgg 20 

<210> 32 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 32 

aaccaggtag gttgatatgg 20 

<210> 33 

<211> 20 

<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 33 

aagttcctgt gatgtcaagc 20 

7210> 34 
<2I1> 20 
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<212> DNA 

<212> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 



<400> 34 

tcatgagcag attaaacccg 20 

<210> 35 
<211> 20 
<212> DNA 

<212> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 
<400> 35 

tgtgaaggag gaccaggtgt 20 

<210> 36 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<400> 36 

tgtaggggtt gacagtgaca 20 

<210> 37 
<211> 20 
<212> DNA 

<212> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 
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<400> 37 

ctgagagatg cctctggtgc 20 

<210> 38 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 38 

ggcggttagt ggggtcttca 20 

<210> 39 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 39 

ggtgtcgtgg aactcaggcg 20 

<210> 40 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 40 

-&tg^-t^Gagg-acggigagga . 20 



<210> 41 



12/32 



m 



wo 00/10383 



PCT/JP99/04518 



<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 41 

gcatcctgac cgtgtccgaa 20 

<210> 42 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 42 

gggtcagtag caggtgccag 20 

<210> 43 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 43 

agtgagataa gcagtggatg 20 

<210> 44 
<2I1> 20 
<212> DNA 

<212> Artificial Sequence 



<220> 
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<223> Description of Artificial Sequence: Primer 
<400> 44 

gttgtgctac tcccatcact 20 

<210> 45 
<211> 21 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 45 

ttgtatttcc aggagaaagt g 21 

<210> 46 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 46 

ggagacgagg gggaaaaggg 20 

<210> 47 
<211> 27 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 47 



atggactgga cctggaggrt cytctkc 27 
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<210> 48 
<211> 27 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 48 

atggagyttg ggctgasctg gstttyt 27 

<210> 49 
<211> 27 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 49 

atgrammwac tktgkwbcwy sctyctg 27 

<210> 50 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 50 

cagaggcagt tccagatttc 20 

<210> 51 
<211> 20 
<212> DNA 



<212> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence 
<400> 51 

tgggatagaa gttattcagc 

<210> 52 
<211> 27 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence 
<400> 52 

atggacatgr rrdycchvgy kcasctt 

<210> 53 
<211> 28 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence 
<400> 53 

ccaagcttca ggagaaagtg atggagtc 

<210> 54 
<211> 28 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence 
<400> 54 

ccaagcttag gcagccaacg gccacgct 
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<210> 55 
<211> 28 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 55 

ccaagcttca gaggcagttc cagatttc 28 

<210> 56 
<211> 28 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 56 

gggaattcgg gtagaagtca ctgatcag 28 

<210> 57 
<211> 28 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 57 

gggaattcgg gtagaagtca cttatgag 28 
<210> 58 

-< Z.l-D_28 



<212> DNA 

<212> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Primer 
<400> 58 

gggaattcgg gtagaagtca cttacgag 28 

<210> 59 
<211> 60 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Probe 
<400> 59 

accttcatcg tcctcttcct cctgagcctc ttctacagca ccaccgtcac cctgttcaag 60 

<210> 60 
<211> 60 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Probe 
<400> 60 

tgatgctgca ccaactgtat ccatcttccc accatccagt gagcagttaa catctggagg 60 

<210> 61 

<211> 22 

<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 61 
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ctggggtgag ccggatgttt tg 22 

<210> 62 

<211> 22 

<212> DNA 

<212> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 



<400> 62 

ccaacccagc tcagcccagt tc 22 

<210> 63 

<211> 36 

<212> DNA 

<212> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 
<400> 63 

aattcccgcg ggtcgacgga tccctcgagg gtacca 36 



<210> 64 

<211> 36 

<212> DNA 

<212> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 
<400> 64 

gggcgcccag ctgcctaggg agctcccatg gttcga 36 



<210> 65 
<2I1> 33 
<212> DNA 
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<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 65 

tcgaactagt aggagaagtg aacttgagga ggc 33 

<210> 66 
<211> 31 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 66 

tcgaactagt gattcagtga tgctgtgcag g 31 

<210> 67 

<211> 22 

<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 67 

gagagttgca gaaggggtga ct 22 

<210> 68 
<211> 22 
<212> DNA 

<212> Artificial Sequence 

<22Q> 

<223> Description of Artificial Sequence: Primer 
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<400> 68 

ggagaccacc aaaccctcca aa 22 

<210> 69 
<211> 24 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 69 

gagctgcaag aactcttcct cacg 24 

<210> 70 
<21I> 28 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 70 

atgactctaa ggcaggaaca tctgtacc 28 

<210> 71 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 71 

ctgcgtgtgt aatcgtgtcc 20 



<210> 72 
<211> 20 
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<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<400> 72 

tctgctgtga gtgaacctgc 20 

<210> 73 

<211> 20 

<212> DNA 

<212> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 
<400> 73 

aggaggcacc ttggataagc 20 

<210> 74 
<211> 22 
<212> DNA 

<212> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 
<400> 74 

tcactctgac ccacgataca gc 22 

<210> 75 

<211> 13 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence:Sfi I linker 
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<400> 75 

ggccgcwgcg gcc 13 

<210> 76 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 76 

tcgaggtacc gtgagaacaa gacagagaat gagggagg 38 

<210> 77 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 77 

tcgaggtacc taatgcagag gctctttggt gtacttgg 38 

<210> 78 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 78 

tcgagaattc agtagctggc actatctttt tggccatc 38 
<210> 79 
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<211> 37 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 79 

tcgagaattc ggagaaagaa cacacaagga ctcggtc 37 

<210> 80 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 80 

gcccgggc 8 

<210> 81 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 81 

tcgaggatcc gatagagaga ttgtcttaaa tgggtggg 38 

<210> 82 
<2ll> 37 
<212> DNA 

< 213> Artificial Sequence 

<220> 
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<223> Description of Artificial Sequence rPrimer 
<400> 82 

tcgaggatcc aacagctgga actcataaaa gcatagc 

<210> 83 

<211> 39 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 83 

tcgaggatcc ctttagtgaa ggcaaaggaa gggacactc 

<210> 84 

<211> 39 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 84 

tcgaggatcc tgtaaagggg tagcctgtcc tctttcatg 

<210> 85 

<21i> 20 

<212> DNA 

<2I3> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Primer 

<_40.0.>_85 

cacatgacaa gagctcagcg 
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<210> 86 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primer 



<400> 86 

tctgacttcc tcatgagagc c 21 

<210> 87 

<211> 23 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : Primer 



<400> 87 

tggatgtatc ctgtcaagag acc 23 

<210> 88 
<211> 22 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence : Primer 



<400> 88 

cagacactct atgcctgtgt gg 22 

<210> 89 
<211> 22 
<212> DNA 



<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Primer 
<400> 89 

gccctcatgg aaatctcctg gg 

<210> 90 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 90 

gcagcaacag atggaaggcc tc 

<210> 91 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 91 

gaacagaaag ccactcttgc tttccat 

<210> 92 

<211> 26 . 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Primer 



<400> 92 

accgagctgc aagaactctt cctcac 
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<210> 93 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 93 

ctctcctgca gggccagtca 

<2I0> 94 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 94 

tgctgatggt gagagtgaac tc 

<210> 95 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 95 

tggaaggtgg ataacgccct 

<210> 96 
<211> 22 



<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Primer 

<400> 96 

tcattctcct ccaacattag ca 

<210> 97 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 97 

tcctcttttt ccttcctttg cctc 

<210> 98 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 98 

attattttgg gcgttgcgtg g 

<210> 99 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<400> 99 
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agtgagataa gcagtggatg 



20 



<210> 100 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Primer 
<400> 100 

gttgtgctac tcccatcact 20 

<210> 101 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Primer 
<400> 101 

gagagttgca gaaggggtga ct 22 

<210> 102 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primer 
<400> 102 



ggagaccacc aaaccctcca aa 



22 



<210> 103 



<211> 20 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 103 

atagcagctt tgctccttcg 

<210> 104 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : Primer 
<400> 104 

ttctctcctg cacatagccc 

<210> 105 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 105 

agtgagataa gcagtggatg 

<210> 106 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
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<400> 106 



gttgtgctac tcccatcact 



20 



<210> 107 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Priraer 

<400> 107 

tggaaggtgg ataacgccct 20 

<210> 108 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 108 

tcattctcct ccaacattag ca 22 

SB?'J#-1- 1 ~ 5 8 fc^ J; t>' 6 1 ~ 7 4 {i, ^ ^ ^ -CO^SIS^'J ^ ^"to 
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